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DRAFT 1.0 
SELECilON OF EXPOSURE SCENARIOS, COMPUTER MODELS, 

AND DATA COLLECTION REQUIREMENTS FOR 
"HEALTHlu!xAssEssMENTs 

1.0 INTRODUCI'ION 

1.1 PuRposE 

The purpose of the subject study is to develop a site-wide methodology 

for the perfonnance of exposure assessment as part of the Baseline Risk 
Assessments of the Operable Units at the Rocky Flats Plant (RFP). Since these 

Baseline Risk Assessment studies will be used to evaluate current and future 

public and environmental impacts and to derive cleanup ait  it is important 

to obtain early agreement by all parties involved regarding the specific exposure 

scenarios and modeling techniques to be used at the RFP. 

1.2 SCOPE 

A human health risk assessment is divided into four functional activities: 

data collection and evaluation, exposure assessment and documentation, toxiaty 

assessment and documentation, and risk characterization. The focus of this 

study will be on the exposure assessment and the data requirements associated 

with exposure assessment. This study is intended to meet the following 

objectives: 

Define exposure scenarios to be used in perfoxmance of Baseline 
Risk Assessments; 
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Review the draft demographics report for applicability and 
usefulness in scenario definition; 

Review environmental fate and tramport mod& against selecrion 
criteria, site characteristics and site data requirements; 

Compare modeling parameter requirements with identified on- 
going site characterization programs; 

1 /*& --- 
6V6/Jd  < R s & & e  most appropriate contaminant fate and transport 

computer mod& for use in Baseline Risk Assessments at the Rocky 
Flats Plant. 

The most important deliverables from this study are two technical 

memoranda which are requested of DOE by EPA in an Interagency Agreement. 

The purpose of these memoranda are to: 

0 "describe the present, future potential and reasonable use exposure 
scenarios with a description of the assumptions made and the use 
of data. This memorandum shall be submitted prior to the required 
submittal of the Baseline Risk Assessment for each OU; and 

describe the fate and transport models that will be utilized, 
including a summary of the data that will be used with these 
models. Representative data shall be utilized and limitations, 
assumptions and uncertainties associated with the models shall be 
documented." 

This study is intended to meet the requirements of these two technical 

memoranda on a general, site-wide basis. They will form the guidelines for the 

OU-specific memoranda to be submitted prior to each Baseline Risk Assessment. 
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2.0 "ECHNIW MEMORANDUM NO. 1 - 
DFSNlTlON OF POTENTIAL EXPOSURE SCEXARIOS 

Exposure assessment is the estimation of the magnitude, frequency, 

duration, and route of exposure to humans. The exposure setting for the W P  
will be characterized by identifying potentially exposed populations in the 

present and future use scenarios. Once populations have been identified and 

characterized, exposure pathways will be traced from sites to the exposed 

population. Exposure pathways consist of four elements: 
0 A source and mechanism of chemical release to the environment; 

An environmental transport medium (e.g., air, groundwater, fugitive dust 
emissions, contaminant movement through soil, soil runoff into water 
bodies, etc.) for the released chemical; 

0 A point of potential human contact with the contaminated medium, also' 
referred to as a receptor -- this can be breathing air, drinking water 
supplied from surface water or groundwater or contaminated food or 
contaminated soil --that is accessible to human populations; and 

A route of entry in humans, either inhalation, ingestion, or dermal contact 
with the contaminated medium. 

These elements are shown pictorially on Figure 2-1. 

This section describes the methods used by Dames 8t Moore to define the 

exposure scenarios to be analyzed in the Basehe Risk Assessment. The 

exposure assessment for the RFP site is based on exposure scenarios that define 

the potentially exposed populations, frequencies, and duration of potential 

exposures, the possible exposue pathways, and the concentrations in air, food, 

water or soil that potentially contact these populations through the exposure 

pathways. 
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- Prevailing Wind Direction 

Exposure Point 
Transport Medium (Air) 

Release Mechanism (Volablization) 

Waste Pile (Source) Exposure Medium (Soil) 

Transport Medium (Ground Water) 

SOURCE: Risk Assessment Guidance for Superfund 
Human Health Evaluation Manual, 
Part A Interim Final, July, 1989 

Figure 2-1 
Illustration of 

Exposure Pathways 
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2.1 Potentially Exposed Populatiom 

Pathway analysis and exposure assessment are directly impacted by the 

assumed category of land use by postulated receptors. The Baseline Risk 
Assessment will require an evaluation of both current and future land uses. The 

categories of land use to be evaluated as part of this assessment include: 

Agriculhlral; 

0 Residential; 
0 CommerciaVIndustrial. 

Each category of land use has a suite of unique parameters associated 

with it including assumed population densities, lifestyles and eating habits. 

There are currendy (1989) 2,201,340 people living within 50 d e s  of the 

Rocky Flats Plant (RFP). It is projected that this number will grow steadily to 

3,119,309 by the year 2010. Both now and in the future, approximately 14 

percent of these inhabitants live within 10 miles of the site (EG&G, 1990). None 

of the land use categories can be eliminated based on these projections. 

Since it is possible that some form of instimtional control may remain in 

effect after site closure, scenarios involving both restricted and unrestricted 

access to the site will be investigated. 

Therefore, in addition to the on-site and offsite cases of each of the three 

land uses listed above, it is proposed that intruder scenarios be investigated 
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under the case where some type of institutional control is assumed. 

potentially exposed populations of receptors are: 

The 

0 Offsite Agridtural Farmer 

0 Onsite A ~ d t u r a l  Farmer 

0 Offsite Resident 
0 Onsite Resident 

0 Offsite CommeraaVhdustrial Worker 

0 Onsite CommeraaVIndustrial Worker 

0 Onsite Explorer Discoverer hiruder 

Finally, it must be noted that the proposed revision of the National 

Contingency Plan (NO) calls for the identification and mitigation of 

environmental impacts from the site and selection of remedial actions that are 

protective of environmental organisms and ecosystems. Therefore impacts to 

ecological receptors will need to be evaluated, consistent with EPA’s 

Environmental Evaluation Manual (EPA, 1989b). 

2.2 sources of Potential Exposlm 

Sources of potential exposure from the Rocky Flats site are: 

a Volatilization of chemical contamination to the air; 

a Emission of fugitive dust with chemical or radiological 
contamination, potentially resulting in airborne concentrations of 
these constituents, and deposition of dusts on foliage of crops and 
soils off-site; 

6 
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0 Soil ingestion from direct contact with contaminated soils by 
individuals entering the site; 

Percolation to groundwater and subsequent dispersion and intake; 

0 Contamination of surface water and subsequent dispersion and 
intake; and 

0 D d  absorption of contamination due to contact with 
contaminated soil or water. 

The pathways of exposure from sources (constituents in soil at the site) 

to potential receptors (nearby residents) have associated with them a set of 

mathematical equations and models used to estimate the level of exposure at the 

receptor. This section presents the calculations, methods and assumptions used 

to estimate contaminant fate and transport in the environment except where 

computer models would be used (e.g., groundwater transport). The results of 

this analysis are concentrations in breathing air, food and soil that human 

receptors could potentially contact. 

2.2.1 Emissioas of Fugitive Dusts to Air 

Particulate contamination in shallow surface soils may become 

resuspended with fugitive dusts and dispersed in air. These contaminants can 

potentially provide inhalation exposures to downwind populations. Additionally, 

these chemicals may become deposited on backyard gardens, potentially 

providing exposure through the foodchain. 

Partidate emissions at the site may be caused by three major processes: 

(1) wind turbulence; and (2) vehicle travel on unpaved surfaces; and 3) 
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resuspension due to human activities (e.g., site excavations and remedial 

activies). Additional information on methods to evaluate active resuspension 

scenarios are described in the Plan for Prevention of Contaminant Dispersion 

(D&M 1990). The emissions factor equations were developed by EPA (1985a). 

These models estimate emission rates of respirable (less than 10 microns in 
diameter or PM10) particles. 

The selection of the emissions factor equations were based on the 

erodibiliv of the surface material. Based on observation of the site, the surface 

would be classed as a ' W t e d  reservoir" of erodible material. This classification 

is based on observation of nonerodible elements in the surface material, 

including stones, vegetation and paved surfaces. Such surfaces have high friction 

velocities (minimum wind speed needed to resuspend dust particles), and wind- 

generated emissions from such surfaces decay sharply with time as the particle 

reservoir is depleted (EPA, 1985a). The annual average rate of respirable 

particulate emissions is estimated with the following equation: 

0.83 x f x P(u') x (1-V) 

where: 

E = Annual average PMlO emission rate (mg/m2-hr) 

f = Frequency of disturbance per month 

uf = Fastest windspeed for the period between disturbances ( d s )  
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P(u') = Erosion potential, or the quantity of erodible particles on the 
surface prior to the onset of wind erosion (g/m2) 

V = Fraction of surface area covered by continuous vegetation (0 
equals bare soil) 

PE = Thornwaite's Precipitation Evaporation Index, used as a 
measure of average soil moisture content (unitless). 

The erosion potential is dependent upon the fastest windspeed as follows: 

P(u+) = 6.7 x (u+ - U) 

where: 

u is the friction threshold windspeed (m/s) measured at a typical weather 

station sensor height of 7 m. The friction threshold windspeed for the site' 

is converted to the equivalent windspeed at 7 m as follows: 

u = u*/0.4 x ln(z/zo) 

where: 

u* = threshold friction velocity at ground surface 

2 

20 = Roughness height (cm) 

= Height above surface, 7 meters, in this case (cm) 

A roughness height of 1 cm is typically used in this calculation. The 

friction threshold windspeed is related to the mode of the particle size 

distribution, which is typically determined from sieving the soil in the field. 
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Constituent emission rates (Q) are estimated from the emission factor 

described above as follows: 

Q = a x  E x  0.001 

where: 

Q = Emission rate of constituent (g/m2-s) 

a = Concentration in soil (mg/kg) 

E = Emission factor for PMlO (kg/m2-s> 

The factor of 0.001 is used to convert mg to g. 

Environmental fate and transport analyses for the inhalation exposure 

pathway (and deposition-crop-ingestion pathway) involve modeling fugitive dust 

emissions from the soil, modeling the dispersion of those emissions in air, and 

modeling deposition onto crops and soil in backyard gardens. 

The source term required for any model is the emission rate from the soil 

(g/m2-s) and the surface area of the emission. The emission rate is dependent 

upon the concentration in soil; concentration in soil and surface area must be 

estimated from site contour maps. 
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For a given emission rate, the dispersion model will estimate the 

concentration in the air, expressed in units of micrograms of pollutant per cubic 

meter of air (ug/m3). Receptors are located on a Cartesian grid, with the origin 

at one corner of the area source. The receptor spacing is selected to place the 

closest receptor approximately 100 meters downwind from the edge of the area 

source. A Unit emission rate of 1 g/m2-s is assumed in the modeling, with the 

concentration of each pollutant emitted determined by multiplying the model 

output (in Units of ug/m3/g/m2-s) by the pollutant emission rates estimated in 
Section 2.2.1. Concentrations in air are used directly to estimate inhalation 

exposure. 

Deposition of particles onto the ground is used to evaluate exposures 

through the foodchain. Deposition is assumed to be proportional to 

concentration in air. Deposition is estimated using a proportionality constant 

referred to as a deposition velocity. The deposition velocity is expressed in Units 

of centimeters per second (cm/s). 

The calculation used to determine steady state concentrations in the soil, 

assuming both deposition and removal processes is derived from NRC Regulatory 

Guide 1.109 (NRC, 1977), and is as follows: 

D x 0.001 x [l-exp(-k x T)] 

where: 

Cs = Concentration in soil (mg/kg) 

11 
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T = Faditylifetime (yr) 

D = Deposition flw (ug/mZ-yr) 

k = First-order elimination rate constant (yr-1) 

d = Density of soil fig/&) 

M ’= Mixing depthinsoil (m) 

0.001 represents the conversion from ug to mg. 

The first order elimination rate constant (k) approximates the effects of 

The method for leaching from the root zone on concentrations in soil. 

estimating k was obtained from Baes and Sharp (1983): 

where: 

Vw = Miltration rate of water in soil (cm/year) 

0 = Volumetric content of water (mL/cm3), assumed to be 0.32 

d = The depth from which pollutant is leached (a), assumed 
to be 15 cm 

Kd = Distribution coefficient between soil and water ( W g )  

P = Bulk density of the soil (g/cm3), assumed to be 1.5. 

Vw is calculated as precipitation minus evapotranspiration rates. 
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Constituents detected in shallow surface soils may potentially provide 

ingestion and dermal exposures to individuals that come into direct contact with 

those soils when they are dispersed offsite. 

It must be noted that contamination concentrations in soil exhibit spatial 

variability. In most risk assessments, the evaluation of health risks from direct 

contact with contaminated soils is detenninistic and is based on a single 

concentration that is "representative" of the variability in the soils data. A 

representative value may be a summary statistic, such as a mean, geometric 

mean or median. There is a level of uncertainty in estimated health risks based 

on a single concentration in soil; health risks may be overestimated or' 

underestimated if the value does not adequately represent the variability in the 

soil data. Therefore, the arithmetic mean concentration is typically used for this 

calculation, 

22.4 Ingestion of Contaminated Water 

Pollutant concentrations in water are calculated using the ground-water 
.& 

and/or surface water fate and transport models (see P Section 3.0). Then, in 
accordance with the exposure scenario developed, a chronic daily intake of 

contamination is calculated and the impacts assessed usin o e radiological 

dose conversion factor, cancer potency, slope, and hazard index, as applicable. 

c 

@ 
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22.5 Ingestionof Contarxllna ’ tedcrops 

Pollutant conceneations in crops are assessed by estimating deposition 

onto above-ground foliage and/or update from interstid water accumulation 

through roots from the soil. 

The calculation of pollutant concentrations on crop surfaces from particle 

deposition is as follows: 

D x 0.001 x r x [l - exp(-kc x S)] 
Cpd = 

Y x kc 

where: 

Cpd = 

D = Deposition flu (ug/m’-day) 

r = Interception fraction (unitless) 

S = Growing season (days) 

kc = Particle weathering rate constant (day-1) 

Y = Plant density or vegetative yield (kg/m’) 

Concentration in plants from deposition (mg/kg) 

The uptake of contamination through roots from the soil is typically 

modeled as follows: 

cps = PS x c s  

14 



where: 

Cps = Concentration in plants from soil uptake (mg/kg) 

PS = Soil to plant transfer c o d d e n t  (mg/kg wet weight in 
vegetable per mg/kg dry weight in soil) 

Cs = Concentration in soil (mg/kg) 

Finally, the total concentration in plants is equal to the sum of the 
concentrations from deposition and soil uptake. 

22.6 Estimate of Volatile Organic Compound Finkions 

c 

U 

I 

Volatile organic compounds (VOC) in subsurface soils may volatilize over 

time and be canied to a receptor in air. These chemicals could be introduced 

to downwind populations through air dispersion and inhalation. 

One possible model for estimating VOCs emissions from soil vapor is the 

covered-landfill emission model developed by Fa~mer et al. (1980). This model 

is used to predict emissions from a covered land6ll based on FicKs First Law of 

diffusion. D f i i o n  of chemicals to the soil surface is described by diffusion 

relationships developed by Millington (1961). The model is presented as follows: 

Q = D(Paon/P2)(C/L)A 7 
where: 
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D = Diffusion rate of the chemical in ak (cm2/s); 

PA = Air filled soil porosity (dimensionless); 

P, = Total soil porosity (dimensionless); 

C = Concentration of the chemical in the soil vapor at depth L (dun3); 

L = Depth of soil cover (cm); and 

A = Surface area of the emission source. 

The diffusion rates are obtained from Shen (1982). P, is calculated as 

follows: 

where: 

b = Bulk density of soil; 

d = Soil particle density. 

PA is calculated as follows: 

where W is the volumetric water content of soil at field capacity. 
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This model is intended to estimate steady-state emission rates associated 

with a specific concentration in soil vapor found at a specific depth. Estimated 

emissions from this model are conservative in that they do not account for 

depletion of VOCs from soil over time. 

2.2.7 Ingestion of Milk from D e  Cows 

Another potential source of exposure is from the ingestion of milk which 

is produced from dairy cows. The cows obtain drinking water from the same 

source used for domestic drinking water. The cows obtain their feed from onsite 

sources and therefore consume feed with the same activity concentration as that 

grown in the vegetable garden. The concentration of contaminated milk (m) is 

calculated as follows: 

c,= 

where: 

cm 
cht 

c, 
Q, 

Qd 

= Concentration in milk (mg/l) 

= 

= 

= 

= 

= 

Concentration of contaminant i in water (rng/l) 

Concentration of contaminant i in feed (mg/kg) 

Daily intake of water by dairy cows (Wday) 

Daily intake of feed by dairy cows (kg/day) 

Equilibrium ratio for dairy cows; concentration in milk 
relative to daily intake (mg/L in milk per mg/day intake) 
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2.2.8 Ingestion of Meat from Beef Cattle 

Finally, the ingestion of contaminated meat from a local fann which raises 

beef cattle (or slaughters their dairy cows) represents another potential source 

of exposure. The cattle obtain drinking water from the same source used for 

domestic drinking water. The cattle obtain feed from onsite sources and 

therefore consume feed with the same activity concentration as that grown in 
the vegetable garden. The concentration of contaminated beef (b) is calculated 

as follows: 

where: 

cb = Concentration of contaminants in beef (mg/kg) 

C, = Concentration of contaminant i in water (mg/l) 

C, = Concentration of contaminant i in feed (mg/kg) 

Qh = Daily intake of water by beef cattle (Wday) 

Qat = Daily intake of feed by beef cattle @/day) 

Fib = Equilibrium ratio for beef cattle; concentration in meat 
relative to daily intake (mg/kg in beef per mg/day intake) 

2.3 Exposure Scenarios 

Consistent with the scope of work, both the maximally exposed individual 

(MEI) and reasonable mzudmum exposure (WE) scenarios will be developed for 
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both the present and hture land use scenarios. The potentially exposed 

populations descn'bed in Section 2.1 have been reviewed for applicability to each 

of these cases to develop the recommended exposure scenarios to be used for the 

/ 

P, i/ a 
Risk Assessment. 

Baseline risk assessments for RFP will be based on exposure scenarios 

desuibe the potentially exposed populations, frequencies, and durations of 

exposure, the possible exposure pathways, and the concentrations of 

in air, soil or food that potentially contact these populations through 
the exposure pathways. 

Exposure scenarios for two cases are developed in this section: a worst 

case exposure scenario and a reasonable xnaxhun exposure scenario. The 

worst case scenario describes potential exposure of a rnaxirnally exposed 

individual (MEI), a hypothetical individual who is at the geographical location 

of highest potential exposure to chemical concentrations originating from the 

site. Health risks of the ME1 that are acceptable would be considered acceptable 

for any other individual (EPA, 1986a). The RME scenario is defined as the 

highest exposure that is reasonably expected to occur at a site at the upper 95 

percent confidence level. Developing a scenario for estimating RME necessarily 

involves the use of professional judgement (PA, 1989a). 

' A health risk assessment can be based on either of these two scenarios for 

the two specific purposes. The two scenarios are used to explore the uncertainty 

in assumptions used to estimate health risks, hence identifying sensitive 

assumptions that most significantly influence estimated health risks. The worst 

case scenario reflects guidance provided by the EPA's SuDerfUnd Public Health 
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Evaluation Manual (EPA, 1986a). The RME scenario reflects newer guidance 

provided by the EPA's Risk Assessment Guidance for SuDerfund: Human Health 

Evaluation Manual (EPA, 1989a). This approach provides reviewers with the 

opportunity to observe the differences in health risk estimates created by the 

evolution of risk assessment guidelines. 

For each of these two cases, both present and future land uses have been 

investigated to develop exposure scenarios which account for impacts to known 

receptors and to hypothetical populations in the future. Therefore, exposure 

scenarios for four major cases are explored here: 

e Present maximally exposed individual 
e Fume maximally exposed individual 

e Future reasonable maximum exposure 
e Present reasonable maximum exposure 

To aid in the development of these exposure scenarios, chapter two of the 

"Draft Rocky Flats Demographic Report" (EG&G 1990)) has been reviewed for 

population estimates and projections. 

2.3.1 Present Maximally Exposed Individual 

Of the potential receptors presented in Section 2.1, the agricultural farmer 
is recommended for the maximally exposed individual (MEI), a hypothetical 

individual whose lifestyle, eating habits and geographical location yield the 

highest potential exposure. general, the impacts to the onsite agricultural 

farmer yield the most restrictive cleanup criteria. However, for the present case, 
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since there are m e n t l y  no onsite residents at the Rocky Flats Plant, the offsite 

agricultural farmer scenario is recommended. The resident and 

commeraal/industrial worker scenarios would include pathways which form a 

subset of those of the agricultural fanner and would therefore be less restrictive. 

Therefore, since agricultural farmers do exist in the area (Rockwell, 1988), this 

scenario is recommended for the present MEE case. 

The assumptions which form this scenario are as follows: 

An individual is conservatively assumed to be exposed to chemical 
and radiological concentrations in soil immediately offsite over an 
entke 70 year lifethe; 

This hypothetical individual lives from birth in a residence near the 
site, has daily contact with soils immediately offsite, ingesting a -  
significant quantity of soil transported from the site on a daily basis; 

This hypothetical individual eats a l l  of his vegetables and fixits 
from a backyard garden receiving dust deposition from the site; 

This hypothetical individual is located continuously at the 
geographical location with the highest estimated exposures from 
concentrations in air, providing a worst case estimate of inhalation 
exposure; 

This individual drinks all his water from a potable water source 
which has been contaminated through air and/or water pathways; 

0 This individual raises dairy cattle which drink the water and eat the 
feed which has been contaminated through air and/or water 
pathways; and 

Worst case estimates of chemical and radiological concentrations in 
soil are assumed to be represented by arithmetic mean 
concentrations. 
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‘ 2.3.2 Future Maxhally Exposed Individual 

Again, the agricultural farmer scenario is recommended for the MEI, but 

in the future case, an onsite scenario is hypothesized. At some time in the 

future, unrestricted release of previously contaminated areas is assumed to occur. 

As with the present case, the resident and commercial/industrial worker 

scenarios would be less restrictive than the agricultural farmer scenario. Since 

current population growth in the area is only lpercent per year (Rocky Flats 

Demographics Report 1990) and no major land use changes are anticipated, it 
is assumed that agricultural fanners will continue to live and work in the Rocky 

Flats area. Therefore, the future maximally exposed individual will be an onsite 

agricultural fanner under the following assumptions: 

An individual is conservatively assumed to be exposed to chemical 
and radiological concentrations in soil at the site over an entire 70 
year lifetime; 

0 This individual has unrestricted access to soils at the site; 

This hypothetical individual lives from birth in a residence at the 
site, has daily contact with soils at the site, ingesting a significant 
quantity of soil from the site on a daily basis; 

This hypothetical individual eats all of his vegetables and f i t s  
from a garden planted in “contaminated soils”; 

This hypothetical individual is located continuously at the 
geographical location with the highest estimated exposures from 
concentrations in air, providing a worst case estimate of inhalation 
exposure; 

0 This individual is located continuously at the geographical location 
with the highest exposure from penetrating (“external”) radiation; 
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0 This individual drinks all his water from a potable water source 
which has been contaminated through air and/or water pathways; 

This individual raises dairy cattle which drink the water which has 
been contaminated through air and/or water pathways and which 
eat the feed which has been grown in the contaminated soil; and 

0 Worst case estimates of chemical concentrations in soil are assumed 
to be represented by arithmetic mean concentrations. 

2.3.3 Present Reasonable M&um Exposwe 

For the present reasonable maximum exposure, an offsite agricultural 

farmer scenario is recommended. This scenario will be sknilar to the present 

ME1 scenario, but more limited and reasonable assumptions are made concerning 

exposure as follows: 

A hypothetical individual is assumed to be exposed to radiological 
and chemical concentrations in soil at the site for a 70 year 
lifetime, however exposures are intermittent and less frequent than 
the worst case scenario; 

This hypothetical individual eats a significant fraction of vegetables 
and fruits from a backyard garden receiving dust deposition from 
the site. However, much of his food comes from offsite sources 

fish, podtry); 

0 Concentrations in air used to estimate inhalation exposure are 
averaged to account for time spent away from the site. Exposures 
during times away from the site are assumed to be zero; 

0 The individual consumes all his water from a potable water source 
which has been contaminated through air and/or water pathways; 
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This individual raises dairy cattle which drink the water and eat the 
feed which has been contaminated through air and/or water 
pathways; and 

0 Reasonable maximum estimates of chemical concentrations in sod 
are assumed to be represented by geometric mean concentrations. 

2.3.4 Future Reawnable M a x b u m  Exposure 

The offsite agricultural farmer is also recommended for the future RME 
scenario. As with the present scenario, the assumed exposures are intermittent 

and less frequent than the ME1 scenarios. 

The same individual is assumed to be exposed to radiological and 
chemical concentrations in soils immediately offsite for a 70 year- 
lifetime, however exposures are intermittent and less frequent than 
the worst case scenario; 

0 Access to the site is restricted, so that this individual has no access 
to the site; 

This hypothetical individual eats a significant fraction of vegetables 
and f i t s  from a backyard garden receiving dust deposition from 
the site. However, much of his food comes from offsite sources 
(e.&, fish, pouitry); 

0 Concentrations in air used to estimate inhalation exposure are 
averaged to account for time spent away from home. Exposures 
during times away from home (e.g., at school) are assumed to be 
zero; 

The individual consumes all his water from a potable water source 
which has been contaminated through air and/or water pathways; 
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0 This individual raises dairy cattle which drink the water and eat the 
feed which has been contaminated through air and/or water 
pathways; and 

Reasonable maximum estimates of chemical concentrations in soil 
are assumed to be represented by geometric mean concentrations. 

Since it is likely that some form of institutional control may remain in 

effect after site closure, investigation of an onsite intruder scenario is atso 

recommended. The assumptions of this scenario may vary depending upon 

whether or not it is assumed that process systems and buildings are completely 

dismantled following decommissioning or remediation. For the purposes of this 

document it is assumed that decontaminated facilities are left in place. 

The explorer intruder is assumed to enter the sealed/locked process- 

building or another sealeuocked facility out of curiosity or with the intention 

of engaging in salvage operations. The individual intruder is assumed to spend 

an appreciable portion of a workday inside the facilities. 

The exposure pathways to be considered include direct exposure to 

penetrating radiation, inhalation of suspended contamination, inhalation of 

airborne contamination generated while exploring and/or searching for 

salvageable material and ingestion of removable surface contamination 

transferred to the hands. 

2.3.5 Recommended Fqosure Scenarios 

It should be noted that development of less than the most restrictive 

cleanup criteria canies with it the possibilities of requiring deed restrictions on 
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future land use. However, as mentioned earlier, use of the ME1 scenarios 

reflects dated EPA guidance which has been superseded. Therefore, the RME 

scenarios are still recommended for baseline risk assessment. 
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3.0 TECHNICAL MEMORANDUM NO. 2 - 
ENVIRONMENTAL FATE AND TRANSPORT ANALYSIS MODELS 

Contaminant fate and transport computer models currently available have 

been evaluated, compared and reviewed with respect to their applicability for use 

in the Baseline Risk Assessment. The most appropriate contaminant fate and 

transport computer models have been recommended for use in the Basehe Risk 
Assessment of the RFP. The models screened in this study include both the "EPA 

models" which have been verified and approved for use by EPA as well as some 

of the "non-EPA models" which includes the balance of models available to the 

general public. The models presented in this section are not meant to be an 

exhaustive compilation of all exposure assessment models; nor do they represent 

all the different types of models which may be useful in risk assessment. 

Instead, this section describes accepted, commonly-used environmental fate and 

transport and dose-response models that were either: (1) taken from the list of 

EPA's "risk assessment" models compiled in the Superfund Risk Assessment 

Information Directory (EPA, 1986b); or (2) selected from publications and 

references using professional judgement on the applicability of a model in the 

risk assessment process. 

The models have been loosely divided into four groups: 

e Unsaturated zone and groundwater dispersion models; 

e Surface water dispersion models; 

Airborne dispersion models; and 

e Exposure assessment models 
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The models are assessed on the basis of both technical and management 

objectives. Models in each discipline are evaluated with regard to a range of 

technical criteria applicable to their application. However, to screen appropriate 

models, the following four criteria were used for all disciplines: 

The selected model(s) should, with or without minor adaption, be 
capable of simulating the transport processes and site conditions 
existing at the Rocky Flats Plant site. 

The models should be capable of accomplishing the study 
objectives; they should have the appropriate degree of 
sophistication, i.e., they should be neither too simplistic and 
approximate nor too complex and elaborate, requiring extensive 
input data for calibration and implementation which may be hard 
to obtain. 

0 The models should have been tested and validated for application 
in situations similar to that at the Rocky Flats Plant site. 

e The model code and documentation should be complete, should 
have undergone adequate peer review, and as far as possible, 
should be available in public domain. 

These criteria have been established as policies of the EPA by working 

groups consisting of nationally-recognized modeling committees (van der Heijde 

and Park, 1986). 

The objective in selecting codes is to provide a representative set of tools 

for quantifying and evaluating the likely impacts of site closure alternatives. As 
discussed in earlier sections, the site-specific conceptual models should guide the 

fonnulation of the mathematical models and, hence, the selection of computer 
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codes. Without knowledge of each facility, it would be incorrect to prescribe 

specific computer codes for site-specific application. Also, experience with those 

codes that are finally selected to simulate facility, transport, and exposure 

pathways is essential for a basic understanding of the performance assessment 

modeling. Typically, several computer codes will be used in the course of a 

perfonnance assessment. These include groundwater flow and transport codes, 

atmospheric transport codes, surface water transport codes, and possibly, 

exposure assessment codes. 

3.1 Unsaturated Zone and Saturated Zone Ground-Water Flow and Mass 
Transport Models 

The overall objective of the unsaturated/saturated zone risk assessment 

is to develop an exposure assessment for human and animal populations 

resulting from transport of contaminants from the Rocky Flats Plant site through 

ground water pathways. Long-term exposure potential will be evaluated, and 

the assessment will require one or several detailed models of ground-water flow 

and transport at the site. Potential pathways include migration through the 

saturated zone to nearby streams and surface-water impoundments, migration 

through the saturated zone to ground-water discharge areas, and migration 

through the saturated zone into deeper aquifers beneath the site. 

The purposes of this section are: 

a To discuss the criteria used to select appropriate models for 
simulating ground-water flow and mass transport in the unsaturated 
and saturated zone at the site; 
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e To review models that are relevant to site hydrogeologic conditions 
and contaminant conditions; 

To recommend the most applicable subsets of models from the list 
of relevant models based on the general hydrogeologic conditions 
at the site. The models in a particular subset will be able to 
address different objectives in the overall site characterization and 
risk assessment; and 

e To review the site data available in the context of the ground- 
water model data requirements. 

The ground-water flow system beneath the Rocky Flats Plant site occurs 

in alluvium and bedrock. The bedrock is primarily daystone and sandstone. r The denree of hvdraulic connection between the alluvim and bedrock is w , 

unknown, however ground water in the alluvium is generally unconfined and - 
not perched. Ground-water recharge occurs as infiltration from precipitation, 

---_ ---/-- 
--- - 1 leakage from streams, canals and surface-water impoundments, and leakage from 

waste impoundmen&? Ground-water discharge occurs as evaporation, 

evapotranspiration, seeps and springs, and discharge to streams, canals and 

surface-water impoundments. 

L- \ 

3.1.1 Discusdon of selection Chit& 

Ground-water model selection criteria falls into three categories (Bond and 

Hwang, 1988): (1) objectives criteria, (2) technical criteria, and (3) 

implementation criteria. 

Objectives criteria are used to separate models into two groups: those that 

are designed for general or screening studies, and those that are designed for 
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detailed studies. General or screening studies are for: (1) rapid, first-cut 

comparisons between sites for the purpose of ranking sites; and (2) gaining an 

understanding of the important factors at a particular site affecting transport and 

fate of contaminants. Such studies are often used when there are many sites to 

characterize or compare, or during the initial phases of field investigations when 

there are little field data available. Models that are appropriate for general or 

screening studies are analytical, compartmental, or very simple numerical models 

(one dimensional, or simple two dimensional models). Model data requirements 

are limited and predicted results should be regarded as preliminary and relative. 

The purposes of detailed studies are to assess facility performance, 

environmental impact, and the safety of remedial solutions. Detailed studies are 

often used as field investigations progress and the quantity of available data 

increases in amount, complexity, and variety. Appropriate models are most often 

numerical models, because they can incorporate complex heterogeneity, 

boundary conditions, and a variety of specific contaminants. Numerical models 

are typically more difficult to develop, calibrate, maintain, and evaluate than 

analytical or compartmental models. The predicted results are generally more 

reliable and realistic. 

There are two general categories of detailed studies: site-wide and local. 

Site-wide studies address issues that concern the entire site. These issues might 

include: (1) The amount of time it might take a contaminant to migrate to the 

boundary of the site, (2) the effect of conditions outside the site on the transport 

and fate of contaminants within the site, or (3) the concentrations that are likely 

to o c a  in ground water if the contaminant reaches the site boundary. Local 

studies address issues that concern individual sources or a subset of sources. 
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p a  f 
E x a m p l e s ~ ~ ~ M  be: (1) studying the factors that affect unsaturated-zone flow 

beneath a leaky waste pond, (2) assessment of remedial alternatives, (3) 

assessing the relative importance of various parameters, and (4) the guidance of 

field programs. 

Technical criteria are used to select models that are capable of addressing 

the important technical issues. The selected model must be able to incorporate 

important mass transport and transformation processes, and to adequately 

simulate the important domain characteristics and materiaVfluid properties. The 

technical criteria must be applied within the context of the objectives criteria. 

For mass transport and transformation processes, the selected model must 

be able to incorporate the important factors that affect transport of 
contaminants, such as advection and hydrodynamic dispersion. The selected 

model must also be able to simulate chemical processes that affect the 

concentration of a contaminant, such as decay, adsorption, or biodegradation. 

a 6 t  bYlf i b f i  

For the domain configuration, the selected model must be able to 

represent the physical system adequately. Components of the physical system 

may include: 

0 confined and unconfined flow; 

0 horizontal and vertical flow; 

0 saturated and unsaturated conditions; 

0 variation in layer thicknesses; 
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spatial distribution and temporal variations in boundary conditions 
(such as ground-water recharge, discharge, and pumpage);and 

spatial distribution and temporal variations in contaminant sources 
(such as point or aerial sources, types of contaminants, and 
concentrations) 

All of these conditions occur at the Rocky Flats Plant site. 

For fluid(s) and material properties, the selected model must be able to 

incorporate relevant variations in material and fluid properties. These include: 

porous or fractured media; 

0 horizontal and vertical variations in material properties (such as 
hydraulic conductivity, porosity, etc.); 

single fluid, multi-fluid (multi-phase), or liquid and gadvapor- 
phase flow; and 

0 flow affected by density variations or temperature gradients. 

At the Rocky Flats Plant site, fracture flow, multi-phase flow, fluid density 

variations, and temperature gradients are not likely to be important. 

Mer the objectives and technical criteria have been resolved, 

implementation criteria are used to select t h e 4 k d  

Implementation criteria address the following questions: 

0 Is the model in the public domain or is it proprietary? 

Is the model readily available and is the model well documented? 
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Has the model been verified against analytical solutions?. Are the 
verification data sets available and well documented? 

0 Has the model been applied successfully at other sites (Le., "field- 
tested")? 

Model selection criteria can be grouped into four general criteria: 

The selected model(s) must be able to adequately simulate site 
conditions. 

The selected model(s) must be able to satisfy the objectives of the 
study. e m s h b i i l d  bT K & t h & > ~ o - - & ~ l ~ o ~ o ~ Z h  

The selected model(s) must be verified, and reasonably well field 
tested. 

&&K- 

The selected model(s) must be well documented, peer reviewed, 
and available. 

3.16 I3kussion of Mod& Versus Sdeciion Criteria 

There are several Werent types of models. Analytical models embody 

mathematical solutions to the equations that govern ground-water flow and mass 

transport. Numerical models embody approximations to the governing equations 

Using finite difference or finite element techniques. Stochastic models contain 

descriptions of ground-water flow and mass transport in terms of statistics and 

statistical distributions, and they often employ a combination of statistical and 

numerical methods. Compartmental models incorporate the law of mass 

conservation, and are composed of a combination of numerical and statistical 
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methods. However, the compartmental models do not solve the ground-water 

flow and mass transport equations. 

Ground-water flow and mass transport models that are applicable to the 

site are listed and descn'bed in Tables 3-1, 3-2, and 3-3. The information in 
these tables was obtained &om van der Heijde, El-Kadi, and Williams (1988); 

Bond and Hwang, (1988); and Dames & Moore (1985). The models in these 

tables were selected based on general site hydrogeologic conditions: unconfined 

flow, unsaturated and saturated flow, horizontal and vertical flow, adsorption, 

and radioactive, chemical or biological decay. AU of the numerical models (finite 

difference and finite element) can simulate unconfined flow, solute transport, 

and incorporate adsorption (MODPATH is the only exception: it is a partide- 

tracking model, and thus cannot incorporate hydrodynamic dispersion or 

adsorption). All of the analyticaVcompartmental models can simulate 

adsorption, and some can incorporate unconfined flow. 

Table 3-1 lists important information about each model, and indicates 

whether each model satisfies the four selection criteria listed at the end of 

section 3.1.1. Table 3-1 is arranged according to the type of model: analytical, 

compartmental, stochastic, finite difference, or finite element. Within each type, 

the models are listed alphabetically a c c o r d i n e  name of the model. Tables & 
3-2 and 3-3 give a general description of each model. Table 3-2 is ordered the 

same as Table 3-1 (the finite difference models are listed first in alphabetical 

order), except that the models are listed in groups of five for ease of reading. 

Table 3-3 is similar in layout to Table 3-2. 
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TABLE 3-l--Continued 

ASSESSMENT 
RELEVANT GROUND-WATER MODELS FOR TRANSPORT AND FATE RISK 

ISWS - Illinois State Water Survey 
LANL - Los Alomos National Laboratroy 
LBL - Lawerence Berkley Laboratory 
ORNL - Oak Ridge National Laboratory 
PNL - Pacific Northwest Laboratory 
RI - Rockwell International 
RU - Rice University 
SNL - Sandia National Laboratory 
UA - University of Arizona 
UPH - University of Port Harcourt 
USGS - U.S. Geological Survey 
WWLI - Waste, Water and Land, Inc. 
Orientations: 

H - horizontal 
v - vertical (cross sectional) 

n - w  - 3-D model 
Model types : 

A - analytical 
C - compartmental 
FD - finite difference, numerical 
FE - finite element, numerical 
S - stochastic 
Note: model types may be mixed. 

Selection criteria (section 2.2.1.1): 

1. Model is capable of simulating site transport and flow conditions. 
2. Model is capable of accomplishing study objectives. 
3. Model has been verified and field tested. 
4. Model has been adequately reviewed, is well documented, and is 

available. 
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TABLE 3-3 
ANALYTICAL, COMPARTMENTAL, AND STOCASTIC MODEL DESCRIPTIONS 

GLEAMS Yes Yes No No No 
SESOIL Yes Yes Yes No No 

(1) 'IC" indicates a model that incorporates chain decay. 
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. 
From Table 3-1 it is apparent that six models are best suited to represent 

the Rocky Flats Plant site: GREASE2, MOC, SWIFT, FLAMINCO, TARGET, and 

SWANFLOW. Other models may be best for special conditions, such as 

simulating biodegradation (BIOPLUME 11, BIO-lD), geochemical interactions 

(TRANQL), chain decay ( C " T ) ,  or volatilization (GAS0 

MOC is probably too simplistic, and SVVRNFLOW 

Each of the six possible models is suited to address particular problems. 

The conditions under which each class of model is applicable are as follows: 

two dimensional, horizontal models: commonly applied to saturated 
zone flow in which the ground water flow (and transport) are 
primarily horizontal. Vertical flow and vertical variation in 
contaminant concentrations are negligible compared to horizontal 
variations. Selected models are: MOC and TARGET. 

two dimensional, vertical (cross-sectional) models: commonly 
applied to localized unsaturated/saturated zone flow, in which flow 
is primarily vertical. The vertical section is uually oriented in the 
direction of horizontal flow (if any). Selected models are: 
FLAMINCO and TARGET. 

three dimensional models: commonly applied to areas where 
horizontal and vertical flow are important. Selected models are: 
GREASE2, SWIFT', FLAMINCO, TARGET, and WANFLOW. 

3.13 Model Parameter Requirements Versus Site Data Availability 

S p d c  data requirements for ground-water flow and mass transport 

models include: 
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Fluids and Contaminants 

background or initial concentrations of dissolved speaes 

0 temporal measurements of concentrations 

0 types of dissolved species 

0 decay constants for radioactive and organic species 

0 molecular diffusion coefficients 

fluid density and viscosity as a function of concentration 

0 geochemical data (solubility, potential reactions, Henry‘s constant, 
etc.) 

Hvdroneoloaic Conditions 

0 distxibution of hydrostratigraphic Units 

0 saturated thickness 

0 unsaturated thickness 

hydraulic conductivities (for all fluids if necessary, and for saturated 
and unsaturated conditions) 

0 anisotropy of hydraulic conductivity 

moisture characteristic cuzves (unsaturated zone) 

nature and distribution of clays 

organic carbon content 

effective porosity 



dispersivities 

specific storage coefficients 

nature and distribution of important minerals (if any) 

adsorption distribution coefficients (KJ 

ion exchange capacities 

soil/rock bulk densities 

retardation factors (a function of &, porosity, and bulk density) 

topographic information 

meteorologic data (precipitation rates, temperature, humidity, etc.) 

locations of hydraulic head and concentration measurements 

measurements of hydraulic head (spatial and temporal) 

distribution, duration, and rates of natural and artificial recharge 

distribution, duration, and rates of natural and artificial discharge 

distribution, duration, rates, concentration, and constituents of 
contaminant sources. 

0 

0 spatial grid or mesh 

0 time increment 

domain size (location of sources and receptors) 

45 



0 simulation period 

Model data requirements can be grouped into general categories: 

0 Framework/Mat&al Properties: hydraulic conductivities, clay 
content, porosity, density, thickness, etc. 

0 Boundary Conditions (Recharge/Discharge): distribution, duration, 
and rates of natural and artificial recharge and discharge. 

Contaminant Sources/Sinks: distribution, duration, rates, 
concentration, and constituents of contaminant sources. 

Hydraulic HeaUSaturated Thickness: locations of hydraulic head 
and measurements of hydraulic head. 

Concentrations: background or initial concentrations of dissolved. 
species, temporal measurements of concentrations, types of 
dissolved species. 

Adsorption: &, ion exchange capacities, nature and distribution of 
clays, organic carbon content, etc. 

0 Decay/Degradation: decay constants for radioactive and organic 
species. 

0 Geochemistry: molecular diffusion coefficients, fluid density and 
viscosity, geochemical data, etc. 

0 Meteorology: precipitation rates, temperature, humidity, etc. 

0 Unsaturated-Zone Parameters: moisture characteristic curves, etc. 

0 Multi-Phase Flow Parameters: fluid density and Viscosity, types of 
fluids, geochemical data, sources/sinks, etc. 
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These groups are listed in Tables 3-4 and 3-5, which show model data 

requirements for each model, and site-specific data availability. In general, 

model predictions will be most sensitive to framework/material properties, 

boundary conditions, and contaminant sources/sinks. 

Personnel at EG&G (Rocky Flats Plant) and the 1988 environmental report 

for the site (Rockwell International, 1988) were consulted concemhg data 

availability (Table 3-5). Relative to ground-water flow and mass transport 

modeling, Mr. Gregory Underburg was contacted. In general, most required 

data for ground-water and mass transport modeling have been measured both 

locally and site-wide. Areas in which data for modeling are lacking include the 

following: adsorption, geochemistry, meteorology, and unsaturated zone 

parameter category. Ether plans for data collection exist, or field studies are 

underway in all these areas, particularly adsorption, meteorology, and 

unsaturated-zone parameters. It was also noted that there is a lack of recharge- 

rate/irdltration-rate data, but collection of these data are also planned. In 

general, the planned field program for ground water hydrology at the site is 

adequate to meet the needs of ground-water and mass-transport modeling. 

t:<w-"-" 

. 

pd.M 
3.1.4 Conclusions on Model Selection 

Ground-water flow and mass transport model selection is based on four 

general criteria: (1) The selected model(s) must be able to adequately simulate 

JbLb site conditions, (2) the selected model(s) must be able to satisfy the objetives 

of the study (-a ' 7 ) s )  v -  

the selected model(s) must be verified, and reasonably well field tested, and (4) 
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- Data Required 

(1) Oiher: Data Require 
Coupled Heat Flow, 
Fracure Flow. 

d for Density 
and for 
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Table 3-5 
Data Availability 

DATA UNKNOWN/ 
CLASSIFICATION SITE WIDE LOCAL SPARSE LITERATURE 

(5) 

(1) - Data classifications are explained in detail in section 3.1.3 

(2) - Data are available on a site-wide basis. 

(3) - Detailed data are available for some OU’s. 

(4) - Only sparse data are available. 

(5) - No data are available. Some data may be estimated or obtained from other published data. 

(6) - Other: data availability for density-coupled and heat flow, and for fracture flow. 



the selected model(s) must be well documented, peer reviewed, and available. 

Based on these criteria and the model descriptions, six models have been 

for potential use at the Rocky Flats Plant site. 
The six models are: GREASE2, MOC, SWIFT, FLAMINGO, TARGET, and 

SWANFLOW. 

3 2  S d c e  Water Dispersion/Diu~n Models 

The objective of the proposed surface-water modeling is to develop an 

exposure assessment for human and or animal populations resulting from the 

transport of pollutants from the Rocky Flats Plant site through surface-water 

pathways. It is desirable to evaluate exposure potential for both short-tenn 

(event-based) and long-term surface-water flow conditions. The short-term. 

(event-based) evaluation would require the analysis of contamhunt concentration 

resulting from a specific storm, such as a 25-year 24-hour storm. The long- 

term evaluation would require continuous simulation of the rainfall-runoff and 

contarninant transport processes. 

The Rocky Flats Plant occupies a n  area of about 500 acres. The interior 

storm drainage system for the plant site is comprised of a number of 

interconnected pipes, manholes, and open drains. The general ground slope in 
the site vicinity is from west to east. The northern portion of the site area is 
drained by the north fork of Walnut Creek. The c e n d  and eastern portion is 

drained by the south fork of Walnut Creek which originates near the center of 

the site area. Surface -off from a small portion near the southem edge of the 

site area is drained by Woman Creek which flows from west to east, about 200 

to 500 feet south of the site boundary. Immediately east of the site boundary, 
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streamflows of the north and south forks of Walnut Creek and Woman Creek 

pass through a series of holding ponds. These creeks form the sowces of surface 

water supplies to two water supply reservoirs: Stanley Lake and Great Western 

Reservoir. 

The contaminant sources and potential surface-water pathways for the 

transport of contaminants from the plant site to human or animal populations 

include the following: 

0 Deposition and accumulation of contaminated material on the 
ground surface, roof tops, and surfaces of equipment within the 
plant site; 

0 Release of partially treated dissolved and suspended pollutants into 
the drainage system; 

Transport of dissolved and suspended pollutants by washoff and 
erosion resulting from precipitation and overland flows; 

Transport and dispersion of dissolved and suspended pollutants 
through the interior drainage system and the aforementioned 
creeks; and 

0 Mixing and accumulation of dissolved and suspended pollutants in 
the holding ponds, Stanley Lake, and Great Western Reservoir; 
consumption of the same by aquatic organisms and other animals; 
and entry into the public drinking water supply. 
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32.1 Discusion of Sehdon C h d a  

The computational steps required to simulate the transport processes 

described in the previous section are as follows (US EPA, 1987a): 

e Identification of the physical and chemical properties of potential 
co ts likely to be found on the ground d a c e  drainage 
system with treated wastewater from the plant - This can be 
accomplished by a review of available water quality data, chemical 
analyses of soils within the plant site, NPDES permits, and relevant 
studies and reports. The objective of this study component is to 
quantify source contamination and to assess whether the source 
contaminants are soluble in water, will be transported as suspended 
sediment, and will be subject to degradation and transformation 
during their transport with surface water. 

e NonpOint Source Runoff Simulation - The selected nonpoint source - 
runoff model should be capable of simulating the process of erosion 
from the site area along with that from the remaining portions of 
the respective watersheds under normal, seasonal and annual 
climatic conditions, and also during severe storm events. 

e Surface-water Flow Simulation - The selected surface water flow 
model should be capable of routing surface runoff and pollutant 
loads from the Rocky Flats Plant site and other catchments through 
the creeks and holding ponds described previously. All three creeks 
for which routing computations are made are relatively narrow 
with fairly long travel paths. Therefore, it will be reasonable to 
assume uniform concentrations (i.e., complete mixing) of pollutants 
in the flows reaching the water bodies (reservoirs) at their 
downstream ends. 

e S h c e  Water Transport Simulatiatn - The selected surface-water 
transport model should be capable of simulating the dispersal of 
dissolved or suspended pollutants miported by the aforementioned 
creeks through the respective holding ponds and in the Stanley 
Lake and Great Western Reservoirs. 
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The selection criteria for surface-water models which could accomplish the 

above have been presented previously 3.0 and can be summarized as: 

Ability to simulate site conditions; 

0 Satisfy management objectives of study without requiring excessive 
input data; 

0 Demonstrated verification and field testing; and 

Well-documented, peer reviewed and available in public domain. 

3.2.2 Discussion of Models Versus Selection Criteria 

The models which could be adapted to simulate the processes described. 

in the previous section are listed in the following paragraphs and summarized 

in Table 3-6. 

A. Nonpoht Source Runoff Models - The objective of these models is 
to estimate the quantity of surface runoff and pollutants generated 
by different watersheds. 

(1) Agridtural Runoff Model (ARM-11) (EPA, 1978) -- It is a 
continuous simulation model and includes degradation, 
adsorption/desorption, and reaction of chemical constituents. 
It requires sediment loading parameters as input and was 
intended to be used for srnall agricultural areas. Since 
estimation of erosion is a key component of the study and 
Universal Soil Loss Equation (USLE) or Modified Universal 
Soil Loss Equation (MUSE) is the preferred approach (EPA 
1988), this model may not adequately meet the study 
objectives. 
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NPS Model (EPA, 1976) -- It is a continuous simulation 
model. It simulates the sediment transport process as the 
detachment and subsequent transport of fines and requires 
sediment loading parameters and sediment accumulation and 
removal rates from impervious areas for dry periods as input. 
It does not simulate decay or degradation of pollutants. 
Since estimation of erosion using USLE is a key component 
of the study, this model may not meet the study objectives. 

(3) Agricultural Chemical Transport Model (ACTMO) (USDA, 
1975) -- It is a continuous simulation model and can 
simulate snowmelt and m o f f  from one or more catchments. 
It estimates erosion using USLE and can model adsorption, 
degradation, or mineralization of chemicals. The model is 
applicable to agricultural chemicals. However, it may be 
possible to adapt it to other types of contaminants as well. 

(4) Model for Chemicals, Runoff, and Erosion from Agricultural 
Management Systems (CREAMS) (USDA, 1980) -- It estimates 
catchment runoff using daily or hourly precipitation data, 
erosion using U S E ,  sediment transport using transport 
capacity, and decay and degradation of chemicals using 
specified coefficients. The model is applicable to agricultural 
areas. However, it may be possible to adapt it to the 
conditions at the Rocky Flats Plant site. 

(5) Storm Water Management Model (SWMM) (EPA, 1982a) - 
- It is a continuous simulation model designed to simulate 
multiple urban catchments with conventional and 
conservative pollutant loadings. It simulates erosion using 
USLE and deposition and sediment delivery using specified 
deposition ratios and washoff functions. This model can be 
adapted for use for the Rocky Flats Plant site. 

(6) Hydrologic Simulation Program - Fortran (HSPF) (EPA, 
1984a) -- It is a very complex continuous simulation model. 
The sediment transport simulation includes settling, 
depositioqand scouring using specified coefficients for soil 
detachments, sediment influx, and sediment washoff. The 
chemical quality constituents associated with sediment are 
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modelled using specified washoff and scour potency factors. 
The model simulates adsorption/desorption processes 
separately for sand, silt, and clay contained in the bed 
material or in suspension. This model can be adapted for 
used for the Rocky Flats Plant site. However, the data 
requirements are extensive and the calibration and 
implementation of the model is tedious and labor-intensive. 
In the absence of adequate calibration, the accuracy of the 
results may not be better than other relatively simpler 
models. 

(7) SEDIMOT I1 - Hydrology and Sedimentology Model 
(Univeristy of Kentucky, 1981) -- It is an event-based model 
and simulates sediment erosion using USLE or MUSE for 
specified storms and watershed characteristics. This model 
can be adapted to simulate nonpoint source runoff 
contamination for the short-term (event-based) condition at 
the Rocky Flats Plant site. 

B. Surface Water Runoff Models - The function of these models is to 
route surface nmoff and pollutants through the streams in the 
study area. 

(1) Scour and Deposition in Rivers and Reservoirs (HEC-6) 
(USACE, 1977) -- It is a one-dimensional, transient numerical 
model and simulates sediment transport in river and reservoir 
systems with tributary inflows. It can perfonn continuous 
simulation and can be adapted to model the situation at the 
Rocky Flats Plant site. 

(2) MICHRIV (EPA, 1984ba) -- It is an analytical steady-state 
model to simulate adjective transport of a pollutant through 
river reaches without dispersion, but with degradation. it 
predicts pollutant concentrations in dissolved and particulate 
forms as a function of distance. It can be adapted for use 
on the river reaches of the Rocky Flats Plant site. 

(3) Hydrologic Simulation Program - Fortran (HSPF) (EPA, 
1984a) -- As stated previously, it is a very complex 
continuous simulation model. It uses the kinematic wave 
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approximation for channel routing and can perform reservoir 
routing as well. It can be adapted to model the flow 
situation at the Rocky Flats Plant site. 

(4) Water Quality for River-Reservoir Systems (WQRRS) (USACE, 
1978) -- It is a spatially one-dimensional and horizontally 
averaged continuous simulation model. This model has a 
stream hydraulics and a stream water quality component. 
The stream hydraulics component is similar to the HEC-2 or 
HEC-6 models of the U S .  Army Corps of Engineers (USACE, 
1973, 1977). The model is very complex and difficult to 
calibrate. It can be adapted to simulate the water quality 
in the streams and reiservoirs downstream of the holding 
ponds in the vicinity of the Rocky Flats Plant site. It may 
be difficult to simulate all the holding ponds using this 
model. 

(5) SEDIMOT I1 Hydrology and Sedimentology Model (Un;verSity 
of Kentucky, 1981) - It is an event-based model and performs 
flow and sediment routing through channels and connected' 
holding ponds for a specified stonn. It can be adapted for 
surface water flow modeling of the situation at the Rocky 
Flats Plant site. 

(6) Channel Transport Modiel (CHTRN) (Yeh, 1982) -- It is a one- 
dimensional, transient model to simulate the transport of 
organic pollutants through rivers, lakes, estuaries, and coastal 
waters. The model has to be coupled with a hydrodynamic 
model for estimation of flow dynamics. It requires extensive 
input data and setup time for calibration and 
implementation. The model has not undergone adequate 
field testing and peer review at this time and, therefore, 
may not be suitable for the present application. 

(7)  Chemical and Stream Quality Model (TOXIWASP) (EPA, 
1983a) -- It is a three-dimensional transient model for 
simulating the transport of organic pollutants with 
comprehensive second-order decay through rives, estuaries, 
and lakes. It is a vexy data-intensive model and requires 
extensive labor (150-:300 hours) for setup. This model 
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appears to be too coimplex and elaborate to meet the 
modeling objectives of the Rocky Flats Study. For the 
streams and reservoirs at the Rocky Flats Plant site, three- 
dimensional dispersion in not important. 

(8) D Y " Y D 3  (EPA, 1979) -- It is a two-dimensional continuous 
simulation hydrodynamic model for tidal streams. It may not 
be appropriate for the non-tidal and non-estuarian streams 
in the vicinity of the Rocky Flats Plant site Without significant 
adaptations. 

(9) Enhanced Stream Water Quality Model (QUAL 2E) (EPA, 
1987b) -- This model can simulate steady-state or dynamic 
transport of up to 15 chemical constituents in well-mixed 
streams where advection and dispersion are dominant only 
in the longitudinal direction. Hydraulically, it is limited to 
the simulation of time periods during which both stream flow 
and input waste load are constant. This model can be 
adapted for use for the streams in the vicinity of Rocky Flats 
Plant site. It may require some effort to simulate monthly. 
varying stream flows using this model. 

(10) Metals Exposure Analysis Modeling System (MEXAMS) 
(Onishi, undated) -- It is a three-dimensional, steady-state 
compartmental model designed for modeling of metal 
leadings in non-tidal aquatic systems. It simulates complex 
metal dynamics, requires extensive input, and may not be 
suitable for the conditions at the Rocky Flats Plant site. The 
model contains built-in data based for thennodynamic 
properties of 7 metals and may need significant adaptations 
for use for other contaminants. 

(11) Probabilistic Dilution Model (PDM) (EPA, 1988b) -- This 
model estimates the percent of times a given concentration 
level may be exceeded in a stream based on statistical 
distribution of daily vahne  flow and estimates of dilution 
based on mass balance. This model will not meet the 
objectives of the present study where deterministic rather 
probabilistic estimates are warranted. 
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Sediment-Contaminant Transport (SERATRA) (Onishi and 
Wise, 1982) -- It is a transient, two-dimensional (longitudinal 
and vertical) sediment transport model with algorithms to 
simulate complex sediment transport and decay mechanisms 
for organic pollutants for rivers and lakes. The model has 
been tested with field d.ata. It requires extensive input data 
and labor (about 750 manhours) for setup, assuming all 
input data are readily available. This model may be adapted 
for use for the Rocky Flats Plant site. but may be 
unnecessarily complex to meet the study objectives. 

(13) Transient One-Dimensional Degradation and Migration Model 
(TO DAM) (Onishi, et al, 1982) -- It is a transient, one- 
dimensional model to simulate the transport of contaminants 
in rivers and estuarine systems with second order decay 
mechanisms. It requires channel and flow characteristics to 
be provided as data developed by another hydrodynamic 
model. It requires extensive data as input. The model 
documentation has not been adequately reviewed and may. 
not be available at thisl time. 

(14) Water Quality Analysis Skulation Program (WASP3) (EPA, 
1 9 8 6 ~ )  -- This model simulates contaminant transport in 
streams in one, two, or three dimensions. The contaminants 
that can be simulated hclude biochemical oxygen demand, 
dissolved oxygen dynamics, nutrients, and eutrophication, 
bacterial contamination, and toxic chemicals. This model can 
be adapted for application to the streams in the vicinity of 
Rocky Flats Plant site. It is similar to QAUL 2E, described 
previously. 

(15) Water Quality Assessment Methodology (WQAM) (Mills, et 
al., 1982) -- It is a siniplistic, one-dimensional steady-state 
model to estimate contaminant concentrations in rivers, lakes, 
and estuaries. The computations can be made by hand 
calculators. This model may be too simplistic and 
rudimentary to meet the objectives of the proposed study. 

(16) Estuary and Stream Qui&ty Model (WASTOX) (EPA, 1985b) - 
- It is a transient three-dimensional model to simulate 

61 



pollutant transport with sophisticated second-order organic 
decay kinetics in rivers, lakes, and estuaries. It requires 
flows between model compartments as input. The flows have 
to be estimated by another hydrodynamic flow model. It 
requires extensive input data for calibration and 
implementation. The setup time is estimated to be 150- 
300 manhours. Compared to models that can simulate both 
hydrodynamics and contaminant transport through streams, 
this model may not be efficient for the Rocky Flats Plant site. 
For the streams at the project site, three-dimensional 
simulation may not be required. 

(17) Finite-Element Transport Model (FETRA) (Onishi, 1981) -- 
It is a transient two-dimensional (longitudinal and lateral) 
finite-element model to simulate the transport of 
contaminants through rivers, estuaries, coastal systems, and 
completely mixed lakes including second-order decay 
mechanisms for organic pollutants. This model has to be 
coupled with a hydrodynamic model to generate flow- 
characteristics. The model has been coupled with a 
hydrodynamic model to generate flow characteristics. The 
model has been field validated. It requires extensive data for 
calibration and extensive labor and time for setup and 
execution. Comparedl to models that can simulate both 
hydrodynamics and contaminant transport through streams, 
this model may not be! efficient for the present study. 

SURFA(=E WATER TRANSPORT MODELS - The purpose of these 
models is to route surface runoff and pollutants through the 
reservoirs in the study area. 

Simplified Lake/Streani Analyses (SLSA) (Hydro Qual, 1981) 
-- It is an analytical model and can be used to analyze the 
steady-state, zero-dimensional mixing of pollutants in Stanley 
and Great Western reservoirs. The model accounts for 
sediment suspension exchange between the water column 
and bed sediments, and degradation, but not for dispersion. 
The model is a good tool for prelimhay screening, but may 
be to rudimentary to simulate the situation at the R o c b  
Flats Plant site. 
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(2) Scour and Deposition. in Rivers and Reservoirs (HEC-6) 
(USACE, 1977) -- As stated previously, it is a transient model 
and simulates sediment deposition in a reservoir based on 
particle sizes of the incoming suspended material. It can be 
adapted to model the sedimentation in the reservoirs near 
the Rocky Flats Plant :site. This model cannot simulate the 
mixing of dissolved constituents. 

(3) Hydrologic Simulation Program - Fortran (HSPF) (USEPA, 
1984b) -- As stated previously, it is a very complex and 
sophisticated model arid can perform continuous simulation 
of water quality in lakes and reservoirs, It can be adapted 
to simulate mixing in Stanley Lake and Great Western 
Reservoirs. 

(4) A N~undcal  One-Dimensional Model of Reservoir Water 
Quality (CE-QUAL-R1) (US AWES, 1986a) -- It is a spatidy 
one-dimensional and horizontally averaged continuous 
simulation model. It conceptualizes the reservoir as a' 
vertical sequence of horizontal layers where the contaminants 
are uniformly distributed in each layer. The model simulates 
inflows, outflows, entrainment, vertical diffusion, and 
interactions of a number of water quality constituents. It is 
a fairly complex model. It can be adapted to simulated the 
water quality of Stanley Lake and Great Western Reservoirs. 

Water Quality for Rivei:-Reservoir Systems (WQRRS) (USACE, 
1978) -- This model is very similar to CE-QUAL-R1 described 
previously as far as simulation of reservoir water quality is 
concerned. In addition, it has a stream hydraulics and 
stream water quality component. Once the continuous flows 
for the streams leading to Stanley Lake or Great Western 
Reservoir are estimateid by the selected surface runoff model, 
This model can be adapted to simulate the stream and 
reservoir water quality. The holding ponds can be simulated 
by treating them as a composite reservoir. The data 
requirements for this model are fairly extensive. 
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(7) 

(9) 

A Numerical Two-Dh.ensional., Laterally-Averaged Model 
of Hydrodynamics and Water Quality (CE-QUAL-W2) (US 
AWES, 1986(b)) -- It is a two-dimensional, laterally average, 
continuous simulation, finite-difference model for reservoir 
water quality simulation. It accounts for vertical and 
longitudinal diffusion, entrainment, and interaction among 
various water quality constituents. The model is more 
complex and sophisticated and much more diEicult to use 
than CE-QUAL-R1, described previously. It can be adapted 
for simulating the water quality of Stanley Lake and Great 
Western Reservoirs. 

SEDIMOT I1 Hydrology and Sedimentology Model (University 
of Kentucky, 1981) -- As stated previously, it is an event- 
based model and simulates sediment deposition and trap 
efficiency of reservoirs and concentrations of suspended 
sediments in the reservoirs. It can be adapted to simulate 
the situation at the Rocky Flats Plant site. However, it 
cannot simulate the mixing of dissolved constituents. 

Channel Transport Model (CHNTRN) eeh, 1982) -- A brief 
description of this model is presented under Surface Water 
Runoff Models. Since -this model is presented under Surface 
Water Runoff Models. Since this model has not undergone 
adequate testing and peer review, it is not considered 
appropriate for the Rocky Flats Plant site. 

Chemical and Stream Quality Model (TOXIWASP) (EPA, 
1983) -- This model is described under Surface Water Runoff 
Models. It will require some adaptation to be applied to 
Stanley Lake and Great Western Reservoirs. The conditions 
at the Rocky Flats Plant site may not warrant three- 
dimensional transient modeling. Therefore, this model is not 
considered suitable for the present study. 

Chemical Transport anld Analysis Program (CTAP) (Bums, et 
al, 1982) -- It is a steady-state three-dimensional 
compartmental model to simulate the transport of pollutants 
through non-tidal aquatic systems with comprehensive 
second-order decay kinetics for organics. It requires extensive 



input data and about 350 manhours for installation and 
setup, assuming all data are readily available. This model 
can be adapted for use for the Rocky Flats Plant site. 
However, the physical cconditions at the Rocky Flats Plant site 
may not warrant three-dimensional simulation. 

Sediment-Contaminant Transport (SERATRA) (Ohhi  and 
Wise, 1982) -- This model is described under Surface Water 
Runoff Models. It can be adapted for the simulation of 
contaminant transport through the streams and reservoirs in 
the vicinity of the Roclq Flats Plant site. However, as stated 
previously, the model :is complex, requires extensive data, 
and is labor intensive requiring about 760 manhours for 
setup. 

(12) Exposure Analysis Modeling System (EXAMS) (EPA, 1982b) 
-- This model can simulate one, two, or three-dimensional 
transport of synthetic organic chemicals in aquatic systems 
using a set of fundamental process models that accept. 
standard chemical parameters and limnological data as input. 
It can be adapted for use at the Rocky Flats Plant site. 

Time-Dependent, Three-Dimensional, Variable Density 
Hydrodynamic Model (EPA, 1988~) -- This model estimates 
the movement of pollutiants in thermal discharges in harbors, 
bays, lake basins, entire lakes, estuaries, and marine coastal 
areas. In particular, it estimates veloaties, temperatures and 
salinity. Since the Rocky Flats Plant area is not a coastal 
environment, this model may not be appropriate for this 
study without significant adaptations. 

(14) Toxic Organic Substance Transport and Bioaccumulation 
Model (TOXIC) (Schncoor, et al, 1981) -- It is a quasi- 
dynamic three-dimensional compartment model to simulate 
complex biological uptake mechanisms like pesticides in 
reservoirs and aquatic impoundments. It is a good model to 
estimate biological pollution, but lacks proper simulation of 
chemical fate mechdms.  User support for this model is 
limited and no user manual is available. Therefore, this 
model is not suitable for the present study. 
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(15) Water Quality Assessment Methodology (WQAM) (Mills, et 
al, 1982) -- As stated under Surface Water Runoff Models, 
this model may be too simplistic to meet the objectives of 
this study. 

(16) Estuary and Stream Quality Model (WASTOX) (EPA, 1985b) 
-- As explained under Surface Water Runoff Models, 
compared to other models, it may not be very efficient for 
simulation of contaminant transport through streams. If it 
is not used for streams, then it may not be prudent to use 
it only for the reservoirs. Its capability to simulate three- 
dimensional transient situations may not be called upon or 
warranted in the present study. 

. 

FGte-Element Transport Model (FETRA) (Onishi, 1981) -- 
As explained under Surface Water Runoff Models, it can 
simulate only completely mixed lakes. In the case of Stanley 
Lake and Great Western Reservoirs, the variation of 
contaminant concentrations in the vertical direction may be' 
important because of potential for stratification during severe 
winter conditions. In that case, this model may be too 
simplistic as far as the simulation of reservoirs is concerned. 

3.2.3 Model Parameter Requkments Versus Site Data Availability 

As stated in Section 3.2, an important consideration in the selection of 

surface water models is the input data requirements associated with the use of 

a particular model. The required input data must be commensurate with the 

objectives and degree of detail of the proposed study and feasibility of adequate 

data acquisition. The data required for the implementation of the models 

described previously are summarized in Table 3-7. The estimated data 

availability is outlined in Table 3-8. 
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Table 3-7 
Data Requirements for Surface Water Models* 

I (c) Surface Water Transport Models 

I SASA 

I TOXIWASP 

I CTAP 

1 Variable Denshy Hydrodynamic Model s 

5: I WASTOX 
S l  

$ I FETRA 

A general description of data r 

I 
e l .  

e .  

I++ 
quireme its is included here. Refer to User’s Manuals for detailed descriptions of input. 



Table 3-8 
Data Avai la b i I i ty 

SITE WIDE 
(1 1 

DATA 
CLASSIFICATION LOCAL 

(2) 

UNKNOWN/ 
LITERATURE 

(4) 

Meteorological 
( Precipitation, Temperature, etc.) 
Topographical 
(Slope, Areas, etc.) 

Stream Cross Sections 

SPARSE 
(3 1 

0 0 

0 0 

0 0 

Sediment Chemistry 0 

Stream Flow 

Impervious Area 0 0 .  

~ I 

0 0 

Water Chemistry 0 0 

Soil Cover 0 

I I I Soil Erodibility 0 

I I Soil Moisture 

Sediment Loadmischarge 0 

Sediment Loading Parameters 0 

Sediment Density 0 

Sediment Size 0 0 

Reservoir Inflow 0 0 

Reservoir Outflow 0 

Reservoir Capacity 0 

Dispersion/Decay/Reaction/ 
Degradation Coefficients 0 

(1) - Data are available on a state-wide basis. 

(2) - Detailed data are available for some locations. 

(3) - Only sparse data are currently available. 

(4) - Some data may be estimated of obtained from other published data. 



In order to construct Table 3-8, personnel at the RFP were contacted 

concerning surface-water sampling and collection of relate data. Mr. Peter Folger 

provided a summary of past and future data collection. In general, most of the 

basic data required for surface-water modeling (Le., meteorology, topography, 

soil cover, stream cross-sections and stream flows) have all been collected 

regularly over an area encompassing the whole plant site. Soil moisture 

parameters and reservoir flow balance data are one year. Dispersion, decay, 

reaction and degradation coeffiaents will not be measured at the site. However, 

these parameters may, for modeling purposes, be extracted from the literature. 

The prhnary category of lacking data is sediment characterization. Sediment 

load, discharge, density, and loading parameters may not be available from the 

literature. Limited sediment sampling is planned. These data are vital to most 

of the surveyed surface water models. 

3.2.4 Condusions on Model Seddon 

Using the descriptions of different models and selection criteria presented 

in the previous section, the following surface water models are judged to be 

most appropriate for exposure assessment study for the Rocky Flats Plant site. 

Nonpoint Source Runoff Models -- From the standpoint of 
data requirements, history of applications, and meeting the 
objectives of the study with reasonable accuracy, SWMM 
(EPA, 1982a) appears to be the most appropriate model for 
continuous simulation for this component of the study. The 
next best choices appear to be CREAMS (USDA, 1980) and 
ACI'MO (USDA, 1975), respectively. If the scope of the 
study permits extensive data collection and acquisition and 
sufficient time to complete the study, then HSPF (EPA, 
1984a) appears to be the best choice. 
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For event-based simulation, SEDIMOT-I1 (University of 
Kentucky, 1981) appears to be the best choice. This model 
does not simulate the transport of dissolved constituents. 
Concentrations of these constituents can be estimated by 
approximate analytical approaches. 

Surface Water Runoff Models -- For the simulation of 
continuous stream flow and pollutant transport, HEC-6 
(USACE, 1977) and WQRRs (USACE, 1978) appear to be 
the most appropriate choices. HEC-6 can simulate flow and 
sediment transport whereas WQRRS can model al l  other 
water quality parameters including total suspended solids. 
If the scope of the study warrants extensive data collection 
and acquisition and sufficient time for completion of the 
study, then HSPF (USEPA, 1984a) appears to be the 
preferred model. 

For routing storm runoff and sediment load generated by that 
runoff through the streams and holding ponds, SEDIMOT- 
I1 (University of Kentucky, 1981) appears to be the best. 
choice. 

Surface Water Transport Models -- For continuous simulation 
of reservoir sedimentation and water quality HEC-6 (USACE, 
1977) and WQRRS (USACE, 1978) are judged to be the best 
choices. As far as the simulation of reservoir water quality 
is concerned, CE-QUAL-Rl (USAWES, 1986a) and WQRRS 
are very similar models. However, WQRRS is preferred here 
because it can simulate both stream and reservoir water 
quality. If the scope of the study permits adequate time for 
extensive data collection, then the more sophisticated HSPF 
(EPA, 1984b) model will be appropriate. 

For event-based simulation of sediment routing through 
Stanley Lake and Great Western Reservoirs, SEDIMOT-I1 
(University of Kentucky, 1981) appears to be the preferred 
model. 
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3.3 Airborne Dispersion Models 

The objective of the proposed airborne dispersion modeling is to provide 

estimates of concentrations and surface deposition resulting from routine and 

accidental releases of pollutants to the atmosphere. Based on these predictions, 

an exposure assessment for airborne pollutants will be developed. 

The meteorological conditions which affect the Rocky Flats Plant are 

greatly influenced by the Rocky Mountains to the west. These mountains act 

as a barrier to moisture approaching from the west. The site is affected by local 

nighttime drainage winds which follow the gentle west to east slope. 

The major airborne pathways which should be considered for the Rocky 

Flats Plant are: 

0 Short distance plume downwash associated with high winds, 
impacting local populations. 

0 Long distance transport of airborne contaminants toward the 
densely populated Denver metropolitan area. 

0 Dry deposition of large particulates, released from stacks and from 
disturbed open areas during high winds. 

Wet and dry deposition of acidic pollutants, and resultant effect on 
sensitive populations and protected areas (e.g., Class I PSD' areas). 

0 Airborne modeling of dense gas releases during periods of light 
drainage winds. 

Prevention of Significant Deterioration 
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Model overview 

Airborne dispersion models can be categorized into four basic classes, 

these are: gaussian, numerical, empirical and physical models. 

Gaussian models, which are most widely used by regulatory agenaes, are 

simple analytical models that deal with both transport and dilution of airborne 

contaminants. These models are developed to treat a variety of specific problems 

that exist between the time a contaminant is first released into the atmosphere, 

ant the t h e  it reaches the exposure receptor. Gaussian models are the least 

costly to implement, but usually have extensive limitations which require the use 

of a combination of models to cover the problem at hand. 

48 fQ 

Numerical dispersion models are more costly to implement than Gaussian 

models, but are better suited to deal with complex components effecting 

dispersion, such as reactive chemistry, complex windlturbulence distributions,. 

complex terrain and transient conditions. 

Empirical models are used for case-specific modeling where sufficient field 

data exist. These models descn'be a cause and effect relationship between the 
source tenn data and ultimate receptor concentration data. Predictions from 

these models may be extrapolated to produce predictions for alternate sowces 

or receptor locations. 

The last class of models, physical models, involve laboratory testing of 
For example, testing of the scaled down versions of actual site conditions. 
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aerodynamic downwash from an obstacle, and its effect on a stack effluent 

plume, could be simulated in a wind tunnel. 

Airborne model comDonents 

The selected model must be capable of representing the physical system 

adequately. The calculation of airborne contaminant concentrations involve 

consideration of three components of the physical system. They are conditions 

at the source, intermediate zone and receptor locations. 

The source characteristics which may require simulation include: 

Emission state (i.e., gaseous, liquid or solid, dense or buoyant 
pollutant). 

Emission characteristics (i.e., reactivity, decay, concentration, and 
instantaneous, continuous or variable rate of pollutant emission). 

Source type (Le, ground-level or elevated point sources, line or area 
sources and associated volumes). 

Conditions intermediate between the source and the receptor are the most 
This component of the 

The site characteristics which may 

important factors effecting receptor concentrations. 

model is the most susceptible to error. 

require simulation include: 

Meteorological conditions (i.e., wind speed and direction, stability, 
mixing depth, precipitation, temperature, and variations of these 
parameters with time). 
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e Dispersion assumptions (Le., Gaussian, non-Gaussian, or empirical 
description of pollutant behavior). 

e Special conditions (i.e., deposition, chemical transfornation, 
buoyancy, or aerodynamic downwash). 

T h e  domain &e., short tern (hourly, daily), or long term (annual) 
simulations). 

e Terrain characteristics (Le., flat, rolling, or complex topography). 

Conditions at the receptor location must also be adequately represented 

by the model. Receptor characteristics include: 

e Height (Le., ground level or elevated receptor) 

Location &e., stationary or variable receptor location). e 

3.3.1 Discusion of Selection Cxiteria 

The selection of airborne dispersion models for the Rocky Flats Plant site 

must consider the above mentioned site conditions. In addition, several other 

management objectives must be considered in model selection. Four general 

selection criteria have been used to evaluate the airborne dispersion models: 

Ability to simulate source, receptor and atmospheric conditions at 
the Rocky Flats Plant site; 

Satisfy study objectives without requiring excessive input data; 

e Demonstrated field testing and validation; and 

Well-documented, peer-reviewed and available in the public domain. 

74 



3.3.2 Discusion of Mod& Versus selection Criteria 

The models which could be used to simulate the airborne transport and 

dispersion of contaminants from the Rocky Flats Plant are described in Tables 3- 

9 and 3-10. Table 3-9 provides a ranking of each model against the selection 

criteria, and references for model sources. Table 3-10 provides a summary of 

the atmospheric model capabilities for the three components of the physical 

system discussed in Section 3.3. Detailed model documentation may be obtained 

from the references. 

3.3.3 Model Parameter Requirements Versus Site Data Availab3lity 

Specific data requirements for airborne dispersion models m y  be grouped 

into the following general categories: 

pollutant characteristics 

source characteristics 

topography 

meteorological data 

receptor characteristics. 
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TABLE 3-9 
RELEVANT ATMOSPHERIC MODELS FOR TRANSPORT AND FATE RISK 

ASSESSMENT 

AIRDOSE EPA 
BLP ERT 
CALINE3 FHA 
CDM EPA 
COMPLEX& EPA 
INPUFF2 EPA 
ISCST EPA 
LONG2 EPA 
MESOPUFF2 EPA 
MPTER EPA 
PAL EPA 
PTPLU EPA 
SCREEN EPA 
SHORT2 EPA 
TEM TACB 

G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 

DEGADIS 2.0 USC G/E Yes 
RTDM ERT G/E Yes 

EKMA EPA E Yes 
RPM EPA E Yes 
RVD 2.0 EPA E Yes 

IMPACT RADIAN N No 
RADM D&M N No 

Y Y N Y  
Y Y Y Y  
Y N Y Y  
Y N Y Y  
Y Y Y Y  
Y Y Y Y  
Y Y Y Y  
Y N N Y  
Y Y N Y  
Y N Y Y  
Y Y N Y  
Y Y N N  
Y Y N Y  
Y N N Y  
Y N N Y  

Y Y N Y  
Y Y Y Y  

N N Y Y  
Y N N Y  
Y Y N Y  

Y N N Y  
Y Y N Y  

(1) Source acronymns: 

DSIM - Dames & Moore 
EPA - U.S. Environmental Protection Agency 

(2) ERT - Environmental Research and Technology, Inc. 
FHA - Federal Highway Administration 
RADIAN - RADIAN Corp. 
TCAB - Texas Air Control Board 
USC - U . S .  Coast Guard 



TABLE 3=9--Continued. 
RELEVANT ATMOSPHERIC MODELS FOR TRANSPORT AND FATE RISK 

ASSESSMENT 

Model types: 

G - Gaussian 
E - Empirical 
N - Numerical 
Note: model types may be mixed. 

(3) Selection criteria (section 3 . 0 ) :  

1. Model is capable of simulating site transport and 
flow conditions. 

2 .  Model is capable of accomplishing study objectives. 

3. Model has been verified and field tested. 

4 .  Model has been adequately reviewed, is well 
documented, and is available. 



Table 3-10 
Atmospheric Model Descriptions 

EMISSION 
CHARACTERISTICS 

Model 
Name 

AIRDOSE 0 F a i l  
I CDM 1.1 

I 

SHORT? 0 
TEM 0 

5 IMPACT 0 
$ RADM 0 

d 

0 
0 

0 
0 
0 
10 
0 
0 0  
0 
0 
0 
0 
0 
0 

0 
0 

0 0  

0 .  
0 

-- 

(1) ShoR T m :  Hourly (0 Daily 

(2) Long Term: Annual 

(3) Inrtanranscus: Up to Fivs Minutes 

0 0  
0 

0 
' 0  

' 0  
0 
0 0  
0 
0 
0 
0 
0 
0 
0 0  
0 

0 0  
0 0  
0 
0 

0 
I 

0 
0 
0 
0 
0 
0 0  
0 0  
0 
0 0  
0 
0 
0 
0 
0 
0 
0 0  
0 
0 0  
0 
0 0  
0 
0 0  

I 

SOURCE 
TYPE 

RECEPTOR t ONDlTlONS 
TIME 1 SPECIAL 

DOMAIN CONDITIONS 

(4) Long A w e  Transport > 50 Kibmsten 



Table 3-11 provides a summary of the atmospheric model data needs for 

Model predictions will be most sensitive to the each of these categories. 

conditions prevailing between the source and the receptor. 

Table 3-12 s d e s  the site-specific data available for the same 

categories listed in Table 3-11. 

Personnel at the Rocky Flats Plant were consulted regarding availability 

of meteorological and air quality data in and around the plant site (Table 3- 

11). The 1980 EIS (U.S. Department of Energy, 1980) was also used for 

purposes of iden-g both regional and local data sources. Ms. Wanda Busby, 

at WP, provided hformation regarding availaibility of data at Rocky Flats. An 

extensive amount of meteorological data have been collected on-site at the RFP. 

A meteorological tower, instrumented at the 10, 25 and 50 meter levels has been 

collecting wind and turbulence data since 1984. Meteorological data are also 

availabe at other locations throughout the site. Precipitation, humidity, and solar 

radiation data have also been collected on the plant site. Some air quality data 

have also been collected, especially particulate concentrations. Total Suspended 

Particulate data has been collected at nearly 50 sites around the plant and in 

certain population areas. This large amount of particulate data could serve as 

a model validation database. 

Region meteorological data also esixts at Boulder (with data avaialable 

&om a 300 meter tower), at Stapleton Airport (with upper air data for use in 

miXing height determinations) and at Greeley. Long-term climatological data 

from Stapleton can be compared with WP on-site data for use in comparing year 

to year variations between the sites. 
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Table 3-11 
Atmospheric Model Data Needs 

S O U R W  
RECEPTOR 

CHARACERlSTlCS 

I I I 
t 

w 
E 
s 

POLLUTANT 
CHARACTERISTICS 

-I 

I- 
5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 s ;  
$ 2  

P r  

3 -  o h  

D O  ;i 
= o  

0 

0 0  

0 

0 

0 

METEOROLOGICAL DATA 

m 

).). .).I 

CALINE 3 

COMPLEX 
I.I 

I lNPUFF2 
~ 

0 

0 

0 

0 0  MESOPUFF 2 

I MPTER ---Et- + 0 

0 
- 
- 

0 

0 

0 

- 
- 

I .  SCREEN 
I 

0 

0 

0 

0 

- 
- 
- 

DEGADIS 2.0 

0 0  
- 
0 -* 

0 . 0  

- 
0 

0 
- IMPACT 

. 
(1) Indudea M g r o u n d  Conmntrdmrs 

(2) Indude?, Suctea Tcpooraphy and Other Surface Featurea Such as Treea 

(3) Wont Cass: Hypdhetical W a s  Pmabb Maeorobgical CondKms 

(4) STAR: Satility Array 

(5) Muifpb Maeorologid Monitoring Sltea 



Table 3-12 
Data Availability 

POLLUTANT 
CHARACTERISTICS 

RECEPTOR 
CHARACTERISTICS 

METEROLOGICAL 

(1) I n d h  BadcgrWdmWWa18 

(2) lndudea Surfam Tapo(lrrphy and Other Swfao Featurs~ Swh as Trma 

(3) Won8 W: HWMlcal Wont Parbb M a I a ~ o ~ d  CondiIbn5 

(4) STAR: aabilky Array 

(5) Data Availabb on a SltaWlds W e  

(6) Data are Availabb for Spscifh Locatbne 

( 7 )  Only Sparw Daa Am Availabb 
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Most data required for the airborne dispersion models are currently 

available, and therefore no major effort in further data collection should be 

required. If wind field descriptions need to be developed, some supplemental 

short-term meteorological monitoring may be warranted. 

33.4 Conclusions On Model %ection 

Using the selection criteria presented in Section 3.3.1, the following 

models are recommended for application at the Rocky Flats Plant site. 

1. Complex Terrain Models 

The preferred model for complex terrain is COMPLEXI. This is. 
essentially a screening model. If a more relined modeling analysis is 
required, RTDM should be used. RTDM requires more intensive 

meteorological data, although it is-capable of handling a worst case 

''fictitious'' data set, and therefore application of RTDM might be limited, 

given availability of data for an RFP operating unit. 

2. Simple Terrain Models 

The ISCST model is the preferred model for used with simple 

terrain (receptors having an elevation equal or less that the source 

elevation). ESCST is capable of handling point, area, and volume sources. 

ISCST can account for gravitational settkig and deposition. Time 

variability of emission rates also make model, by far, the most 

comprehensive one available. 
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3. Instantaneous Models 

INPUFF is the recommended model for treatment of instantaneous 

and quasi instantaneous releases from point sources. This model can also 

be adapted for use with short duration open burning emissions. 

In this section general guidance will be given describing exposure 

assessment models that are suited for use at the Rocky Flats Plant. The primary 

objective of an exposure assessment is to make a reasonable estimate of the 

maximum exposure to individuals and critical population groups. 

Radiological exposure assessment is similar to that for chemical exposures; 

however, beyond the inhalation, ingestion, and absorption; radiological exposure 

must include external radiation effects, radioactive decay and ingrowth factors 

among others. Synergistic effects should also be considered and discussed in the 

Risk Characterization section of the Human Health Risk Assessment. 

A number of models have been developed specifically for radionuclides, 

some of which can also accommodate chemical contaminants. With the presence 

of plutonium, uranium, and other radionuclides at RFP, models having features 

such as radioactive decay and daughter growth involving large radionuclide 

databases are necessary. 
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This section has been organized to present general guidance in the 

following areas: 

e Model selection criteria will be discussed with respect to RFP site 
conditions and based upon the EPA model selection criteria. 

e Specific exposure assessment models will be summarized and 
compared to the selection criteria. 

Model parameter requirements will be provided in a tabular form 
and compared to available site data. 

Conclusions will be presented and reccrmmendations for a specific 
model(s) will be provided. 

3.4.1 Discusdon of Selection Criteria 

The same four criteria as used in previous sections are used as a basis for 

the screening methodology for all of the models. Models are evaluated with 

regard to a range of technical criteria are identified and, in this case, exposure 

assessment is the primary application. The four criteria have been addressed 

below: 

The selected model should be capable of simulating the transport 
processes and site conditions at RFP. Site conditions at W P  involve 
various forms of radioactive material and therefore the model 
should be capable of handling cross pathway migration of 
radionuclides. 

The models should be capable of accomplishhg the study 
objectives, not too simplistic or too complex. Most of the exposure 
assessment models nm on a personal computer and are designed 
to be "user friendly" given that the operator has adequate 

84 



background knowledge of environmental fate and transport pathway 
analysis and a working knowledge of radioactive materials at RFP. 

0 The models should have been tested and validated for application 
in situations similar to that at RFP. All of the models described in 
this section have been validated and used extensively by the EPA, 
DOE and others. 

The model code and documentation should be complete and should 
have undergone peer review. All the models discussed in this 
section have been reviewed either by the Oak Ridge Radiation 
Shielding and Infomation Code organization, the EPA, or the DOE. 

3.4.2 Discussion of Models vs. Selection Criteria 

Computer codes which have potential application to the Rocky Flats Plant 

Each system code is discussed briefly in the' are discussed in this section. 

following paragraphs. 

3.4.2.1 PATHRAE 

The PATHRAE family of codes (PATHRAE-EPA, PATHRAE-RAD, and 

PATHRAE-HAZ) have features which make them applicable to a wide range of 

nuclear and hazardous waste disposal analyses. These features are briefly 

identified below. One advantage of PATHRAE is that a version for 

nonradioactive hazardous species has also been developed and applied to 

activities at the Savannah River Plant. Thu,  by adopting the PATHRAE codes 

as system codes, the problem of addressing both radioactive and nonradioactive 

species can be handled with a high degree of consistency. 
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Up to ten scenarios by which contaminants may reach humans can be 

considered using PATHRAE. These scenarios include: 

Groundwater migration with discharge to a river; 

Groundwater migration with discharge to a well; 

Surface erosion of the cover material and waste and subsequent 
contamination of surface water; 

Saturation of waste and surface water contamination (bathtub 
effect) ; 

Food grown on the waste site; 

Biohtrusion into the waste; 

Direct gamma exposure; 

hhalation of contaminated dust on site; 

Inhalation of radon gas and radon daughters on site; and 

Inhalation of contaminated particulates off site (from an on-site 
incinerator, trench fire, or dust resuspension). 

The PATHRAE methodology is comprehensive and models both off-site and 

on-site pathways through which individuals may come in contact with the 

waste. The off-site pathways include groundwater transport to a surface river 

or well, surface (wind or water) erosion, and atmospheric transport. The on- 

site pathways of concern arise principally from worker exposures during 

operations and from post-closure site reclamation (intruder) activities such as 

living and growing edible vegetation on site and drilling wells for irrigation or 

drinking water. 
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For each of the pathways which have been included in PATHRAE, the 

dose from each contaminant is calculated as a function of time. These doses are 

then summed to give the total dose for the pathway at each time of interest. 

The dose to the critical population group from all pathways is then computed, 

assuming the entire contaminant inventory is accessible through each pathway. 

A real advantage of PATHRAE is its simpliaty of operation and 

presentation while still allowing a comprehensive set of contaminants and 

pathways to be analyzed. Site performance for "developing cleanup criteria" can 

be readily investigated while the number of parameters needed to define the 

problem is kept at a minimum. 

3.4.2.2 PRESTO 

The PRESTO family of codes is a series of computer programs written 

under the direction of the EPA for analyzing the health impacts and risks 

associated with the post-operational phase of low-level waste (UW) disposal 

facilities. All major human exposure pathways are considered. The PRESTO 

family codes include PRESTO-EPA, PRESTO-CPG, PRESTO-BRC, AND PRESTO- 

DEEP. The PRESTO-BRC and PRESTO-DEEP were developed for "below 

regulatory concern" and deep well injection, respectively. Another version of 

PRESTO, PRESTO-11, has been derived from PRESTO-EPA by Oak Ridge National 

Laboratory. 

The structure of PRESTO-EPA is representative of all PRESTO family codes. 

The PRESTO-EPA code is modular and allows submodels or subroutines to be 
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replaced, if necessary. Many of the submodels included in PRESTO were 

developed for other types of assessments and have been adapted for use in 
estimating health effects from residual radioactive materials. 

Three types of submodels are used in PRESTO-EPA Unit response, 

bookkeeping, and scheduled event. The unit response submodels calculate the 

aiiual response for a process. For example, Unit response models calculate the 

annual infiltration through an intact trench cap, the annual average atmospheric 

dispersion coefficient and annual average erosion of the trench cap. 

The bookkeeping submodels keep track of the results of unit response 

submodels and user-supplied control options. Bookkeeping activities include 

maintaining water balances, material balances and the calculation of post-. 

simulation residual activities. 

Scheduled event submodels consider "representative" events such as cap 

failure, basement construction, initiation of scheduled mechanical suspension of 

dust, the timing of which is governed by user-specified (scenario) control 

parameters. Dust and resuspension factors for plutoriium contaminated soils are 

particularly useful for RFP. 

Average concentrations of each radionuclide in environmental media (such 

as well water or the atmosphere) over the assessment period are used to 

calculate radionuclide concentrations in foodstuffs. Foodstuff information, 

human ingestion rates, and breathing rates are utilized to calculate the annual 

average radionuclide intake per individual in a local population by ingestion and 

inhalation. These intake data are used by the exposure and risk submodels in 



the DARTAB sequence to estimate dose rate and health risk. DARTAB utilizes 

the EPA RADRISK methodology and database (based on ICRP 26/30). This 
database would have to be modified to incorporate ICRP 26 organ weighting 

factors. The health risk estimation methodology assumes that each member of 

the local population is a member of a cohort that is exposed to constant, 

averaged radionuclide concentration levels. 

PRESTO-11 differs from the original EPA code in a number of respects. 

First, PRESTO-11 utilizes a different approach for computing infiltration through 

the trench cap. The input data-intensive calculation of trench-cap infiltration 

used in subroutine INFIL of PRESTO-EPA has been replaced by a simpler 

approach that computes this important variable from experimentally determined 

permeability and hourly precipitation values. Other approaches to infiltration. 

have also been added as options: 1) use of yearly precipitation values; 2) user- 

specification of infiltration; and 3) estimation of trench cap intiltration as a 

fraction of calculated watershed infiltration. All of these methods provide values 

for infiltration through an intact trench cap. Infiltration through failed portions 

of the cap is computed in a separate calculation. 

Watershed infiltration, an important variable for determining radionuclide 

weatherhg from the surface soils, is determined in PRESTO-I1 using a parametric 

evapotranspiration equation. This evapotranspiration model has been verified 

over a wide range of climates and reasonable estimates of water balance have 

been obtained for more than 100 river basins. A streamlined algorithm for 

describing radionuclide transport through subsurface pathways is also 

implemented in the PRESTO-I1 code. 
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3.4.2.3 ON-SIlTYMAXIl 

ON-SITE/MAXIl considers scenarios which are established for a maximally 

exposed individual (an intruder) and provides a means of determining the 

resulting radiation dose to that individual. Only radionuclides are considered. 

In ONSllWMAXIl five scenarios are identified as being of potential 

interest in assessing doses to intruders at disposal sites similar to the conditions 

to be expected at RFP: 

External Exposure Scenario - An individual is assumed to work in 
an area previously used for on-site disposal. Surface soil 
contamination, waste buried at various depths or entry into a room 
(or vault) that is used for waste storage or disposal are considered. 

External Exposure Plus Inhalation Scenario - An individual is 
assumed to work in an area with limited surface-soil contamination 
and is exposed to external sources and resuspended dusts. 

Agricultual Scenario - An individual is assumed to raise his annual 
diet (or a fraction of it) in soil contaminated by the on-site disposal 
of radioactive waste. External exposure, ingestion, and inhalation 
of resuspended radionuclides in soil are considered. 

Irrigation/Drinking-Water Scenario - An individual is assumed to use 
a water supply contaminated by radionuclides from an on-site 
disposal site for irrigation and/or drinking. In addition, external 
exposure and inhalation of resuspended radionuclides that are 
deposited on the surface of the soil by the irrigation water are 
considered. A severe limitation of this scenario as implemented by 
the code is that the user must provide the radionuclide 
concentrations at the receptor location. That is, ONSITE/MAXIl 
does not model the releases and waterborne transport of 
radionuclides. 
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5) User-Defined Scenario - The user may constnrct his own scenario 
by selecting exposure pathways and defining conditions described 
in the ONSETE/MAXIl computer software package. 

ONSI"E/MAXIl utilizes a default environment defined for on-site disposal, 

however, this scenario is applicable to the conditions at WP. This environment 

assumes intruder activity at an on-site low-level waste disposal site. The 

reference environment is based on a site with an area of 1 ha; however, area 

correction factors may be included to consider smaller sites. The intruder may 

be exposed to radioactive contamination via any of the following pathways: 

external exposure, inhalation of resuspended contaminants, ingestion of farm 

products grown on a contaminated site, consumption of drinking water from a 

contaminated well, or ingestion of aquatic food products from a contaminated 

water source. For external exposure, wastes may be located on the surface,. 

buried at various specified depths, or stored in a room-type structure. For 

inhalation and ingestion, the default parameters used in defining the reference 

environment are based on those found in NRC Regulatory Guide 1.109. The 

intruder's entire diet for the reference environment consists of vegetables, f i t s ,  

and animal products grown on the site. Note also that ONSETE-MAXI1 is only 

applicable to on-site exposure scenarios. 

3.4.2.4 RESW 

RESRAD is a code developed by the Department of Energy for establishing 

residual radioactive material guidelines for the FUSRAP/SFMP program. Thus 

RESRAD is directed toward evaluating the impacts of contaminated soils. Some 

modification is likely required before RESRAD can be used extensively in 
evaluating alternatives for release of contaminated sites. Given the generic 

91 



nature of system performance codes, however, it would not be unreasonable to 

evaluate applicability M e r .  RESRAD is the most recent of the codes discussed 

here and the interactive user environment advantageous. 

3.4.2.5 AIRDOS - EPA 

This model was developed by the EPA Office of Radiation Programs, Las 

Vegas, Nevada. The code was designed to calculate the effective dose equivalent 

to maxknally exposed individuals as required under 40 CFR Part 61, National 

Emission Standards for Hazardous Air Pollutants (NESHAPS). The model comes 

in a vax version CAAC-476 and more recently in a PC version (CCC-542/CAP- 

88). Both versions are recommended by the EPA specifically for DOE facilities 

under Subpart H of 40 CFR Part 61 (EPA,1989c). The PC version does not have 

the ability to calculate population doses as required by DOE Orders, and there 

is a limited list of radionuclides that can be utilized under the PC version. 

Neither of the AIRDOS-EPA versions to date are capable of adequately 

accounting for the dose contribution from Radon and Radon daughters are not 

at all accounted for. 

. 

The EPA-AERDOS computer code estimates radionuclide concentrations in 
air, rates of deposition on ground surfaces; ground surface concentrations; intake 

rates via inhalation of air and ingestion of meat, milk, and fresh vegetables; and 

the accompanying radiation doses to man from these airborne releases of 

radionuclides. 

A modified Gaussian plume model is used to estimate both horizontal and 

vertical dispersion of radionuclides released. Radionuclide concentrations in 
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meat, milk, and fresh produce consumed by man are estimated by coupling the 

output of the atmospheric transport models with the U.S. Nuclear Regulatory 

Commission (NRC) Regulatory Guide 1.109 (NRC, 1977) terrestrial food chain 

models. Dose conversion factors derived from the metabolic models described 

by the International Council on Radiation Protection (ICRP, 1979) are input into 

the code, effective dose equivalents are calculated for individuals residing at each 

distance and direction. User input is required to provide actual residence 

locations. Organ dose equivalents are also estimated for the bone marrow, 

lungs, endosteal cells, stomach wall, lower large intestine wall, thyroid, liver, 

kidney, testes, ovaries and total body through the following exposure modes: 

1) immersion in air containing radionuclides; 2) exposure to ground surfaces 

contaminated by deposited radionuclides; 3) inhalation of radionuclides in air, 

and 4) ingestion of "contaminated" food grom within 80 kilometers (km) of the. 

site. 

The code is used to estimate the Annual Effective Dose Equivalent, the 

Committed Effective Dose Equivalent, and the associated organ dose equivalents 

for the "maximally exposed individual", which is re-defined as a location where 

a person actually resides. Additionally, the collective population dose within an 

80 km radius of the site can also be calculated. 

3.4.2.5.1 DARTAB 

The DARTAl3 computer code combines information on environmental 

concentrations with dosimetric and health effects data to provide tabulations of 

predicted impacts of radioactive airborne effluents. Health impacts are 

calculated using radionuclide intake rates and dosimetric and health effects 
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information. DARTAB is independent of both the environmental transport code 

used to derive estimates of environmental concentdons and the origin of the 

dosimetric and health effects data. Thus, DARTAB eliminates the need to write 

similar coding in every environmental transport code in order to calculate doses 

and health impacts. The DARTAB computer code was developed at Oak Ridge 

National Laboratory (ORNL) at the request of the U.S. Environmental Protection 

Agency (EPA) to be used by that agency as part of a methodology to evaluate 

health risks to man from atmospheric releases of radionuclides. 

It is important to note that the approach to estimation of radiological 

health impacts as used in DARTAB is applicable only to low-level chronic 

exposure, since the health effects and dosimetric data were based on low-level 

chronic intakes. High-level exposures would lead to health effects estimates 

which are nonlinear with respect to exposure or intake. DARTAB and the 

dosimetric and health effects database can not be used with either short-term or 

high-level intake of radionuclides. 

3.4.2.5.2 RADRISK 

The RADRISK code is used to generate a database of dosimetric and 

health effects information for various nuclides of potential interest in 

environmental assessments. This data base can then be used in environmental 

assessments, given appropriate computer software. It is the purpose of DARTAB 

to provide the software which accepts the environmental exposure to and intake 

rates of the released material and combine these quantities with the information 

in the dosimetric and health effects database to yield tabulations of radiological 

health impacts. 

94 



3.4.3 Discussion of Input Parameters Versus Site Data 

hput parameters relevant to characterization for the PRESTO and 

PATHRAE codes are given in Table 3-13. As can be seen in this table, many of 

the parameters discussed in previous sections are required. A review of input 

requirements for other systems codes such as ON-SITE/MAXIl and RESRAD 

produce similar lists of parameters. 

The available site data varies by operable unit (OU) and ranges from very 

little to comprehensive. The data quality for the existing RFP database remains 

uncertain at this time. No data validation studies have been identified regarding 

model parameter input data, qualification of uncertainty, or completeness of 

information as compared to modeling needs. Each OU has been studied 

separately under a varying set of criteria and objectives. In previous sections of 

this report model parameter requirements have been compared to existing 

available site data. Technical contacts were made with EG&G personnel via 

phone conversations regarding site data. A model parameter "checklist" was 

utilized in summarizing existing databases. The level of detail during this 

interview process was limited to general areas as described within the model 

parameters. 

The exposure assessment database combines the databases from all of the 

previous sections plus the chemical and radiological contaminants. Operational 

Unit s p d c  databases regarding chemical and radiological databases are also 

incomplete. The informational needs are identified by the various tables 

included in this and previous sections. The methods for data collection and 

evaluation are presented in Section 4.0 of this report. 
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Average annual 
ptedpitation 

TABU 3-13 
CODE PARAMETERS RELEVANT TO SITE CHARACTERIZATION 

PRESTO-I1 PATHRAE-RAD AIRDOS-EPA 

X X 

Average barometric 
pressure 

Inigation rate 

Ratio observed to 
actual sunshine 

Volume waste disposed 
in a fadlity 

Facility plan 
dimensions 

Facility (waste) 
tllicknes 

cap thkknes 

Facility p o d @  

Annual activity 
release fraction 

Ratio cap to watershed 
infiltration 

Facility permeabilinl 

Annual site 
infiltration 

Distance bottom of 
facility to aquifer 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 



TABLE 3-13 (Continued) 
CODE PARAMETERS RELEVANT TO SITE CHARACTERIZATION 

PRESTO-I1 PATHRAE-RAD AIRDOS-EPA 

X X Distance to hiruder 
Well 

Groundwater velocity 
olorizontal> 

X X 

Aquifer thickness X 

X Aquifer dispersion 
angle 

X Aquifer porosity X 

Vadose zone porosity X 

Vadose zone 
permeability X X 

X 

TraverSe 
dispersion coefficients 

X 

X Vadose zone 
fractional saturation 

Vadose zone residual 
saturation 

X 

Vadose zone soil index X 

X Fraction of spillage 

X Gravitational fall 
velocity 

X 

X 

X 

X 

Deposidon docity X 

X Lid height 

Hosker roughness 
factor 

X 
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TABLE 3-13 (Continued) 
CODE PARAMETERS REWANT TO SITE CHARACTERIZATION 

PRESTO-I1 PATHRAE-RAD AIRDOS-EPA 

Fradon of time wind 
blow toward population 

X X X 

X 

X 

User provided W Q  X 

X Parameterization of 
resuspension 

X 

X 

X Rguspension rate 
(mechanical) 

X 

Stability class X 

X 

X 

X Unived soil loss 
equation parameterization 

Porosity, surface soil 

soil density 

Flow rate! of nearest 
stream/river 

Location, vertical and 
horizontal extent of 
surface contaminated 
areas 

X X 

RUnOff X 

Surface erosion rate! X 

X Waste density X X 

Waste container life time X 

X Inventory in each 
faciliqf/area 

X 

X Extent of any initial 
contamination on 
surface 

Initial activity 
inmeam 

X X 
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initial activity 
inair 

Solubility in trench 

TABLE 3-13 (Continued) 
CODE PARAMETERS REWANT TO SITE CHARACTERIZATION 

PRESTO-I1 PATHRAE-RAD AIRDOS-EPA 

Distribution coefficient 
fllrface soil 

Distribution coefficient 
trench 

Distribution coefficient 
vadose zone 

Distribution coefficient 
aquifer 

Leach constant 

X 

X X 

X 

X 

X 

X 

X 
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3.4.4 Conclusions on Model !Selection 

The following exposure assessment models are recommended to be used 

in conjunction with the model selections of previous sections in support of a 

human health risk assessment to be performed for each OU at the Rocky Flats 

Plant site. 

PRESTO-EPA, written by the EPA, calculates health effects to an 
exposed population from radioactivity escaping from shallow-land 
burial sites. This scenario is similar to the environmental conditions 
at RFP. DARTAB is used as a subroutine to calculate fatal cancers 
and genetic defects. RADRISK is a database containing the 
necessary radionuclide data and dose conversion factors required 
to run the model. This model is recommended due to the simplistic 
operating requirements and the o v d  ability to account for all 
exposure pathways and scenarios. PRESTO-EPA is available in a PC . 
version. 

PATHRAE - The PATHRAE f d y  of codes have mullifunctions 
which enable them to handle a diverse mixture of radioactive and 
non-radioactive constituents. The present and future land use 
scenarios at RFP project many combinations of potential exposure 
from hazardous chemical and radioactive contaminants. On-site 
pathways are included from remediation activities, this is 
particularly useful as each OU is remediated separately versus site- 
wide remediation occurring at one time. The code is fairly 
simplistic to operate and is available on a PC. 

100 

.. . . . . . - . . - .. 



4.0 DATA COLLECTION AND EVALUATION 

In this section, data requirements of available contaminant fate and 

transport models are evaluated and data quality objective guidelines for the data 

are defined. Also, certain modelling parameters can have a profound effect on 

the accuracy and viability of the output (e.g., time-step used on iterative 

models). Therefore, the sensitivity of some of these parameters are evaluated 

and direction provided for the models to be recommended, as applicable. In 

addition, the dataset necessary to provide defensible exposure assessment values 

are evaluated and appropriate guidance provided. 

4.1 D a t a C o l l d m  

This section discusses procedures for acquiring environmental, chemical 

release and exposure data for quantitative human health risk assessments at 

hazardous/radioactive or mixed waste sites. 

4.1.1 Data Types 

The data types required for the human health risk assessment include: 

contaminant identities; 

contaminant concentrations in key sources and media; 

source characteristics; and 
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environmental characteristics that may affect fate, transport, and 
persistence of contaminants. 

All risk assessment data needs should be identified as early as possible in 
the €U/FS process. This can usually be done at the site scoping meeting ( P A  

1988d). Only data which completely satisfies the risk assessment data collection 

objectives can be used in the risk assessment. Background information on data 

quality objectives is addressed in Data Quality Objectives for Remedial Response 

Activities (ETA 1987c,d). 

4.12 The Scoping Meeting 

An aim of the scoping meeting is 

include the work plan and the sampling 

to develop specific project plans. These 

and analysis plan (SAP). The work plan 

and the SAP are based, in part, on the compilation and evaluation of existing 

data, the identification of further data needs, and the design of a data collection 

program to meet 'these needs. The compilation of existing data should include 

biological data, contaminant sources, contaminant fate data, quality assurance 

If the conceptual understanding of the site is poor and-the collection of 

site-specific data would greatly enhance the scoping effort, then a limited field 

investigation may be undertaken as an interim scoping task prior to developing 

the work plan. 

Data already collected should be reviewed in accordance with existing 

guidelines (EPA 1987~).  Data found to be acceptable should then be used to 
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formulate a conceptual model of the site that identifies all potential or suspected 

sources of contamination, types and concentration of contaminants detected at 

the site, potentially contaminated media, and potential exposure pathways, 

including receptors. 

4.13 Modeling Parameter Needs 

Model data requirements are presented in Section 3.0. Et is preferable 

to obtain site-specific values for as many of these input parameters as is feasible. 

However, EPA recognizes that if a model is not sensitive to a particular 

parameter, or if obtaining site-specific data would be too time consuming or too 

expensive, then a default parameter value may be used. 

4.1.4 Background Sam$ing Needs 

Background sampling may be required in each medium of concern at or 

near the site in areas not influenced by& contamination, to distinguish site- 

related contamination fiom haturally occurring or anthropogenically generated 

levels of chemicals. The sampling plan must be designed to ensure that the 

number of samples collected are suffiaent for any statistical hypothesis testing. 

Guidance on statistical methods is provided by EPA (1988e,f,g, 1989d). 

C L L G  

Data from air monitoring stations and ground-water wells should be 

compared individually to background levels. The reason for this is that 

monitoring data cannot usually be combined because the placement of the 

monitoring points is purposive; in this case, sampling cannot be considered to 

be random sampling from a population. 
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As the number of individual comparisons with background data increases 

so does the probability of making a Type I error, Le., rejection of the null 

hypothesis that there is no difference between onsite results and background 

levels. The design of sampling plans to minimize this kind of error is discussed 

by P A  (1989e). 

A small number of background samples increases the likelihood of making 

a Type 11 error, i.e., failure to reject the null hypothesis when it is false, because 

large data differences, in this case, may not be statistically significant. 

A statistically significant difference bepeen onsite daeskil soil$ m c , \ y t e  
d d  tc croncen M i 3 4  v? 

concentrations and background&ould not, t y itself, trigger a cleanup action.. 

The toxicological significance of the contamination must be assessed. 

. 

Identification of Potential Human Exposure 4.1.5 Prehmaq  . .  

. .A 

A preliminary identification of potential human exposure provides essential 

infoxmation for the sampling and analysis plan. It is necessary to collect 

information on media of concern. These indude currently contaminated media 

or any currently uncontaminated media that may become contaminated in the 

future due to contaminant transport. 

Within each operable unit the media of concern are to be sampled. 

Operable units should have non-overlapping boundaries and together should 

account for the entire area of the site. 
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Consideration of chemical properties is essential when devising sampling 

plans. For example, it may not be necessary to analyze ground water for a 

highly insoluble chemical. 

Chemical species should be reported, e.g., valence states of metals, when 

toxicity is species-dependent. 

4.1.6 Soil Sampling 

Soil is a source both of contaminants released into other media and of 

direct contact exposure. Hence, the number, location, and type of samples 

collected from soils should be carefully determined. Guidance on soil sampling 

is provided in EPA documents (1986d,e, 1987e, 1989d). 

Because of soil heterogeneity both the collection of representative samples 

can be difficult and the variation of analytical results can be significant. 

However, cornpositing samples should be avoided because this causes dilution 

which can obscure actual contaminant concentrations. 

The sampling plan should consider characterization of hot spots through 

extensive sampling and observation because these may have a significant 

importance on direct contact exposures. 

Sampling depths should be applicable to the exposure pathways and 

contaminant transport routes of concern and should be chosen purposively 

within that depth interval. It is preferable that surface samples be obtained from 

the shallowest depth that can be practically obtained. 
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4.1.7 Ground Water Samphg 

. 

Detailed information on ground water sampling can be found in EPA 

documents (1985c, 1987e,f, X988e,f,h, 19890. 

Detailed consideration must be given to the quantification of hydrogeologic 

properties, the location and depth of wells necessary to adequately characterize 

the extent of contamhation, and the potential for contaminant transport. 

The analysis of filtered and unfiltered samples can provide important 

information on the mobility of contaminants by revealing the degree to which 
contaminants are partitioned between the aqueous phase and suspended. 

particulate matter. Should a significant difference between the solution and 

suspended matter phases be detected then the result must be examined carefully 

for correct sampling technique and for well construction artifacts. A filter size 

of 0.45 mm may screen out some potentially mobile particulates to which 
contaminants are adsorbed and thus may under-represent contaminant 

concenmtions. Pumping at too high a veloaty may entrain particulates to 

which contaminants may be adsorbed and lead to a n  over-estimate of 

contaminant concentrations. Oxidation may lead to the formation of insoluble 

speaes which may under-estimate chemical concentrations. Well construction 

may elevate metal concentxations through corrosion. 

- - - - T E - j G c a t i o n  for not collecting filtered or unfiltered s a m p l e s 2  /’ 

w e -  ?3qhg-$- c 

i d ,pL- 
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4.1.8 Surface Water and sediment Sampling 

Nearby surface water bodies potentially receiving discharge from the site 

must be sampled. The sampling strategy ought to enable the identification of 

the contaminant source. Detailed guidance for surface water and sediment 

sampling is given in EPA and ASTM documents (EPA and COE 1981, EPA 

1984b, EPA 1985d,e, EPA 1987e,fyg, ASTM, undated). 

When lotic (free flowing) waters are sampled, samples should be collected 

across the channel, starting downstream moving upstream, and taking into 

consideration any upstream facilities that might affect flow volume or water 

quality. 

When lentic (still) waters are sampled, samples should be taken through 

the thermal stratification. For small shallow ponds one or two samples may be 

adequate. Sediment sampling in flowing water should be conducted 

commencing downstream then moving upstream. Disturbance to sediment 

should be minimized. Sampling must always be conducted in a way that 

elucidates exposure pathways. 

4.1.9 Air sampling 

Site-specific data should be collected in accordance with specific guidance 

for developing an air sampling plan for Superfund sites (EPA 1989g). EPA has 

issued numerous other guidance documents (EPA 1983by EPA 1987e, EPA 1988i, 

EPA 1989h,ij). 
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4.1.10 Biota 

Sampled organisms should be those that are likely to be consumed by 

humans. Guidance on biota sampling is provided by SDA (1977) and EPA 

(1985e, 1987e, and 1989b,k). 

Chemical concentrations should be measured in edible portions of the 

Sampling should be conducted at representative seasonal times, and biota. 

attention should be paid to any special food preferences. 

4.1.11 Overall Strategy for Sample Collection 

Sampling strategy guidance and statistical performance measures are. 

contained in EPA documents (198Sf, 1986d,f, 1987c,d,h,i, 1988i,j,k, Freeman 

1989, EPA 1989d). Aspects of overal strategy are discussed below: 

The error introduced by sampling procedures must be considered during 

the development of data quality objectives. Factors that can introduce sampling 

error include sampling/handling variability and the variability of contaminants 

as a function of location and time. These influences are essentially site specific. 

Analytical errors are largely site independent. 

4.1.11.1 SamDhg Strategy 

The design of a sampling strategy is largely dependent on factors unique 

to each site, e.g., geology and hydrogeology. The sampling strategy will be, in 
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part, dependent on the extent of previous sampling; it will also depend on 

whether or not the sampling is for site characterization or site validation. 

It is more cost effective to conduct the sampling in a phased approach. 

In this way, uncontaminated areas located in an initial purposive sampling 

program can be omitted from the extensive investigation that better define the 

extent of contamination in contaminated areas. 

The steps in a phased approach include the review of existing information 

and data, field screening, and intrusive sampling. Field screening, using field 

instmments, provides only a broad indication of the likelihood of contamination 

in a particular area. Intrusive sampling includes all methods in which a physical 

sample from the media of concem is obtained and analyzed to give exact' 

information concerning the physical features or concentration of contaminants. 

Questions which the sampling strategy should be designed to answer 

include: 
8 

e 

e 

e 

e 

e 

Q 

which media are contaminated? 

what is the average contamination? 

what is the maximum contamination? 

what is the mass and volume of the contamination? 

what area of the site is contaminated? 

what is the vertical and horizontal extent of contamination? 
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4.1.11.2 S a ~ ~ d i ~ d H a n d l i n ~  Variabilitv 

$pJ 
Sampling/handling variability i s l w t m d u c e d  by the sampling and/or 

handling procedures which results in a contaminant concentration in the sample 

Merent from that in the medium sampled, e.g., variability due to cross 

contamination;. This kind of error, which is difficult to quslify, is minimized by 

using trained sampling personnel working in accordance with standard operating 

procedures (SOPS). 

.. - 

4.1.11.3 TemDod and Spatial Variability 

Should it be expected that contaminations follow a cyclical pattern in 

time, then the period of the variation should be ascertained and sampling 

conducted over the cycle to obtain a representative sample. 

Annual or seasonal sampling should be considered in order to account for 

variation in concentration of chemicals at seasonal e~rremes. To account for the 

variability of time series data, the collection and analysis of data must be 

carefully planned with the requirements of the fhal analysis incorporated in the 

sampling strategy. For example, if time series analysis is to be undertaken then 

the separation in time between sampling events must be carefully considered. 

Spatial variability of contamination is to be expected and can be analyzed 

! 
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4.1.11.4 Sample Types 

Two types of samples may be collected at a site: grab samples, which 

represent a single unique part of a medium collected at a specific location and 

time; and, composite samples, which are combined samples from different 

locations and/or times. Grab samples are preferable to composite samples for 

soil sampling because compositing introduces additional uncertainty in 

contaminant concentrations. However, for average concentrations over specified 

time periods in air and water media, compositing will be necessary. 

4.1.11.5 S a m ~ h g  Patterns 

Purposive sampling while very useful for site contaminant characterization 

is not to be employed for risk assessment. The bias in data may lead either to 

an over-estimate or an under-estimate of the true conditions of the site. While 

there are some positive features to random sampling, systematic sampling, i.e., 

sampling on a regular grid whose coordinate origin is chosen randomly within 

an operable unit, is preferable in that it ensures that the sampling effort is 

uniform. Average concentrations obtained using systematic sampling require the 

calculation of special confidence intervals (EPA 1988i). 

Subdivision of the site into operable units for which separate data are 
---__ 

collected will assist in reducing data variability/When setting power and 
-c, 

F e r t a i n t y  estimates-a statistician ought to be consulted in determining the 

minimum number of samples to be collected to achieve each objective. 

--zL_____- 
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When acquiring data which will be used to make general inferences 

concerning site characteristics it is important that samples provide complete 

coverage of the area of interest and that sample locations do not introduce bias. 

Bias in a data set causes the means of the data to be systemically Merent from 

the true mean. 

4.1.11.6 Grid Svstems 

The majority of environmental sampling utilizes sampling at the grid 

intersections of a two dimensional square grid. The grid spacing can be selected 

on the basis of the knowledge of the typical areal extent of contamination at the 

site. If the typical site contamination can be assumed to spread over a cirdar 

area, then the grid spacing can be selected so as to guarantee a chosen 

probability of finding the contamination. 

Stratification refers to the process of locating samples within distinct 

populations of strata. Stratification can be used to better define the vertical and 

horizontal extent of the contamination. This involves sampling, both horizontally 

and vertically, at points purposively located at regular intervals within squares 

of the grid, and at points located at regular intervals along the grid lines, about 

a grid intersection point at which contamination has been found. 

4.1.11.7 Ou alitv Control Sarndes 

Various types of samples may be obtained during a remedial investigation 

in order to provide quality control information for data interpretation. Quality 
control samples are discussed below. 
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4.1.11.7.1 The Sam~hn Protocol 

The sampling protocol for a risk assessment should include: 

e a statement of the study objectives; 

procedures for sample collection, preservation, handling, and 
transport; and 

e analytical strategies that will be used. 

The emphasis of the sampling protocol should be on documentation of the 

conditions under which the sampling occurred and on the precision of the 

sample collector. 

4.1.11.7.2 S m ~ h n  Devices 

Sampling devices must neither add contaminants to nor deplete 

Collecting procedures should not alter the contaminants from the sample. 

medium sampled. 

4.1.11.7.3 SDecial Analytical Services /SAS) 

Special Analytical Services may be required if detection limits are needed 

which are below those obtained under the standard methods used by EPA 

Routine Analytical Services (RAS) or there are chemicals other than those on the 

Target Compound List (TCL) suspected at the site. SAS is discussed by EPA 

(19881). 
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4.1.1 1.7.4 Backmound Samdes 

A background sample is one taken from the media characteristic of the 

site but outside the zone of contamination. This data should be defined as 

Critical data points are sample locations for which valid data must be 

obtained in order for the sampling event to be considered complete, Le., these 

are the vital sampling points. At these points it may be appropriate to collect 

a duplicate sample. Critical data points should be identified in every- 

completeness statement developed during the data quality objective process. 

4.11.1.7.6 Collocated and Redkate Samples 

Collocated samples are independent samples collected in such a manner 

that they are equally representative of the parameter(s) of interest at a given 

point in space and time. Collocated samples, when collected, processed, and 

analyzed by the same organization, provide intralaboratoxy precision infoxmation 

for the entire measurement system including sample acquisition, homogeneity, 

handling, shipping, storage, preparation and analysis. 

Replicate samples are samples that have been subdivided into two or more 

portions at some step in the measurement process. Each portion is then carried 

through the remaining steps in the measurement process. For field replicated 
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samples, precision information would be gained on sample homogeneity, 

handling, shipping, storage, preparation and analysis. For analytical replicates, 

precision information would be gained on preparation and analysis. 

Collocated samples can be used to estimate the overall precision of a data 

collection activity. Sampling error can be estimated by the inclusion of 

collocated and replicated versions of the same sample. If a significant difference 

in precision between the two subsets is found, it may be attributed to sampling 

mor. As a data base on field sampling error is accumulated, the magnitude of 

sampling error can be estimated. 

EPA recommends the inclusion of collocated and replicated samples in 

field programs: 

for ground surface water one collocated sample out of every 20 
investigative samples should be collected (replicated samples could 
be substituted where appropriate); the samples should be spread 
out over the sampling event, preferably at least one per day of 
sampling; and 

0 for soil, sediment and solids one field replicated or collocated 
sample out of every 20 investigative samples should be collected (to 
estimate sampling error, collocated and field replicated samples 
should be of the same investigative sample); these samples should 
be spread out over the sampling event, preferably at least one per 
day of sampling. 
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4.1.11.7.7 SDlit Samples 

Split samples are replicate samples sent to different laboratories. They 
serve as an oversight function in assessing the analytical portion of the 

measurement process. 

4.1.11.7.8 T r i ~  and Field Blanks 

Trip blanks generally pertain to volatile organic samples only. Trip blanks 

are prepared prior to the sampling event in the actual sample containers and are 

kept with the investigative samples throughout the sampling event. They are 

packaged for shipment with the other samples and sent for analysis. There. 

should be one trip blank included in each sample shipping container. At no time 

after their preparation are the sample containers to be opened before they reach 

the laboratory. 

Field blanks are samples which are obtained by running analyte-free 

deionized water through sample collection equipment, after decontamination, 

and putting it in appropriate sample containers for analysis. These samples, 

which should be included in a sampling program as appropriate, are used to 

determine if decontamination procedures have been sufficient. 

EPA suggests that blanks be collected in sampling programs in the 

following way: 
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e For ground and surface water, field blanks should be submitted at 
the rate of one field blank/matrix/per day or one for every 20 
investigation samples, whichever results in fewer samples; and trip 
blanks should be included at a frequency of one per day of 
sampling, or as appropriate; and 

e For soil, sediment, and solids, field blanks should be submitted at 
the rate of one for every 20 investigative samples for each matrix 
being sampled, or as appropriate. 

4.1.11.7.9 Matrix Spikes 

Many samples exhibit matrix effects in which other sample components 

interfere with the analysis of contaminants of interest. Matrix spikes provide the 

best measurement of this effect. When done in the field, immediately after 

collection, they also provide a measurement of sampling, handling and. 

preservation error. The field matrix spike provides the best overall assessment 

of the accuracy of the entire measurement system. However, these are not 

generally recommended because of the high level of expertise required for proper 

preparation. 

Often spiking is carried out in the laboratory to estimate the accuracy of 

the analytical method, reported as a percent recovery, for the site sample 

materials. 
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4.1.12 The Workplan and the Sampling and Analysis Plan (SAP) 

The workplan documents the decisions and evaluations made during the 

scoping process and presents all anticipated future tasks involved in conducting 

the risk assessment. The SAP specifies the sampling strategies, the number, 

types, and locations of samples, and the level of quality control. The SAP 
consists of a Quality Assurance Project Plan (QAPP) and a Field Sampling Plan 

( F S P ) . ) G o r k  plan and the SAP are written by the personnel who d>h, 

i i ,4 mvo ved in the collection of samples, but must be reviewed by all personnel who 

will be using the resulting sample data for data completeness and methodological 

The Workplan should describe: 

e background sampling; 

e quantification of all exposures; 

e data needs for statistical analyses; 

data needs for fate and -port models; e 

e sample dysis/validation; 

e data evaluation; and 

e assessment of risks. 

The SAP should include: 

' 1  , _  e a statement of the risk assessment objectives; 
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, .  

1 

i i .  

detailed QA/QC procedures associated with sampling; 

detailed, site-specific procedures that will be followed to ensure the 
quality of the resulting samples; and 

infoxmation on sample location and frequency, sampling equipment 
and procedures, and sample handling task analysis. 

u 

P 

&y proposed changes to the SAP must comply with _____3 SAP obje9ves i 

4.1.13 REview of Field Investigation Outputs 

Data obtained should be promptly reviewed to assess whether or not 

project objectives are being met. Changes to plan because of practical field. 

diffilculties should be thoroughly documented and the effects on the risk 

assessment evaluated. 

42 DataEvaluation 

For the evaluation of data, EPA (1989a) proposes a nine step organization 

of chemical data into a form appropriate for a baseline risk assessment. The 

steps are: 

(1) gather all  data available from the site investigation and sort by 
medium; 

(2) evaluate the analytical methods used; 

(3) evaluate the quality of data with respect to sample quantitation 
limits; 
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evaluate the quality of data with respect to qualifiers and codes; 

evaluate the quality of data with respect to blanks; 

evaluate tentatively identified compounds; 

compare potential site-related contamination with background; 

develop a set of data for use in the risk assessment; and 

if appropriate, further limit the number of chemicals to be carried 
through the risk assessment. 

Any changes to this step-wise process should be reviewed with the EPA 

Remedial Project Manager (RPM), and changes are to be fully documented. 

The involvement of the RPM in the decision-making process, and the 

documentation of all changes, including the reasons for the changes, are basic. 

requirements of the data evaluation process. The outcome of the data 

evaluation process is: 

the identification of a set of chemicals and radionuclides that are 
likely to be site-related; and 

reported concentrations that are of acceptable quality for use in the 
quantitative risk assessment. 

The chemicals and radionuclides remaining in the quantitative risk 

assessment, based upon this evaluation, are sometimes referred to as "chemicals 

of potential concern". 
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4.2.1 SEP 1 : combining and Sorting Data 

All site data should be gathered together, ordered by medium, and 

presented in a readily understood format. An acceptable data presentation 

format is shown in Table 4-1. Any data which is to be left out of the final data 

set should be discussed with the RPM and then fully documented in the risk 

assessment report. 

Data which were collected at the same location but at different times, if 

not significantly different and of comparable quality &e., if similar methods of 

analysis and similar QA/QC procedures were followed), may be grouped into the 

media-sorted set. Should the time-separated data differ significantly then it may 

be necessary to qualitatively analyze the impacts of temporal changes. 

Whichever course of action is pursued, the RPM should be consulted. 

4.26 SEP 2 : Evaluation of Analytical Methods 

Data should be further sorted by analytical method. Only data obtained 

by methods of approved rigor should be used in the risk assessment. Analytical 

results which may be broad indicators of contamination, e.g., TOC, or results of 

insensitive analytical methods, e.g., portable field instrument analyses, are not 

appropriate for quantitative risk assessment. Similarly, results for which QA/QC 

performance measures are unknown, few or nil should be eliminated from 

further quantitative use, although this same data may be useful in qualitative 

discussions of risk. 
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The outcome of this step is a set of site data that has been developed 

according to a standard set of sensitive, chemical-specific methods, e.g., SW- 
846 Methods (EPA, 1986d), EPA 600 Methods (EPA, 1984c), CLP Statements of 

Work (EPA, 1988e,m), and QA/QC procedures that are well documented and 

traceable. Even so, the data can only be accepted when the remaining steps of 

the data evaluation process have been executed. 

Data which were collected at the same location but at different times, if 

not significantly different and of comparable quality, Le., if similar methods of 

analysis and similar QA/QC procedures were followed, may be grouped into the 

media-sorted set. Should the time-separated data differ significantly then it may 

be necessary to qualitatively analyze the impacts of temporal changes. 

Whichever course of action is pursued, the RPM should be consulted. 

46.3 SlW 3 : Evaluation of the Quadtation Limits 

This step involves the evaluation of quantitation and detection limits (QLs 

and DLs) for all of the chemicals assessed at the site. There are several cases 

to be considered. 

Firstly, there are a number of substances currently on the Contract 

Laboratory Program (CLP), Target Compound List (TCL) and Target Analyte List 

(TAL) for which the Contract-Required Quantitation Limits (CRQLs) exceed either 

the corresponding reference concentrations for noncarcinogenic effects or the 

lo" haemental risk level for cancer using standard EPA assumptions for body 

weight and daily ingestion rate. In these cases the following steps may be taken. 
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When CRQLs exceed reference concentrations, then lower detection limits 
should be stipulated before the investigation begins. However, if Special 

Analytical Services (SAS) was not specified before work began, or the chemical 

was not detected in any sample from a particular medium at the QL, then it 

may be necessary to undertake a screening-level risk assessment using the 

Sample Quantitation Limits (SQLs) and then compare this risk with that posed 

by other onsite chemicals. Depending on the outcome of this assessment it may 

be necessary to: 

re-analyze selected samples, at lower QLs, if a sufficient amount of 
each sample remains; or, less preferably, 

0 eliminate the chemical from the quantitative risk assessment, noting 
that if the chemical were detected at a lower QL then it could 
contribute significantly to the estimated risk. 

Secondly, in some cases the laboratory may report an unusually high SQL 

due, perhaps, to unavoidable matrix interferences. In these cases it may not be 

possible to reduce the SQLs using SAS procedures or other methods. In this 

case, the results with the unusually high SQLs should be excluded from the 

quantitative risk assessment if they cause the calculated exposure concentration 

to exceed the maximum detected concentration for the remaining samples of a 

particular set. 

Thirdly, when some results are at the SQL the results are neither to be 

omitted from the analysis nor set to zero. The results should be taken to be 

one-half the SQL or the SQL if there should be some information to indicate 

which is more likely to be the better approximation. Most likely there won’t be 

any clarifying information and the sensitivity of the risk assessment to the two 
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approximations may be investigated by studying cases using first one 

approximation then the other. 

Finally, when a laboratory reports limits other than SQLs then every effort 

should be made to obtain the actual SQLs because they are the lowest measured 

value which can be "trusted". When the SQL cannot be obtained, then for CLP 

sample analyses, the CRQL should be taken as the SQL with the understanding 

that these limits may overestimate or underestimate the actual SQL. When non- 

CPL methods have been used, the method detection limit (MDL) may be used 

for the SQL. However, the MDL will generally underestimate the SQL because 

the MDL does not account for sample characteristics or ma& interferences. 

The instrument detection limit (IDL) should rarely be used for non-detects 

because it does not account for any variability other than that arising from 

instrument operation. 

The hierarchy of detection limits is IDL < MDL < SQL. As the hierarchy 

is traversed from left to right, more sources of analytical variability are 

accounted for. The CRQLs are chemical-specific, sample-independent limits set 

by the EPA which should be routinely and reliably achieved in the analyses of 

a variety of sample matrices. Therefore, depending on the nature of the 

particular sample the CRQLs may lie below or above the SQLs. 

Generally, if a chemical is not detected in any samples of a particular 

medium then the data should be reported as either the SQL or CRQL with the 

U qualifier (see below) and subsequently eliminated from further consideration. 

However, if information exists that indicates that the chemicals are present, 

they should be retained for consideration in subsequent analyses. 
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At this stage, chemicals for which measurable concentrations (Le., positive 

data) are reported, to which no uncertainties are attached concerning either the 

assigned identity of the chemical or the reported concentrations, are appropriate 

for use in the quantitative risk assessment. 

4.2.4 SIEP 4 : Evaluation of Qualified and Coded Data 

Qualifiers and codes, usually related to QA/QC problems, are sometimes 

attached to data either by laboratory personnel conducting the analyses or by the 

data validation personnel. All qualified data must be carefully considered before 

being used in the quantitative risk assessment. 

A list of generic laboratory qualifiers and data validation qualifiers are 

shown in Tables 4-2 and 4-3, respectively. The qualifiers do vary between 

regions and periodically vary within regions. It is crucially important to obtain 

the qualifier defkitions operative at the time of the data analysis. The meaning 

of data qu&ers should never be guessed. 

Should data possess both laboratory and data validation qualifiers, the 

data validation qualifier in all circumstances takes precedence. Where laboratory 

qualifiers alone appear then they are to be evaluated. In cases of uncertainty 

check with laboratory and/or data validation personnel. 

Data qualifiers, and other site-specific factors, determine how data are to 

be used in a risk assessment. Data of qualified concentration but of unqualified 

identity should be included in the assessment. 
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TABLE 4-2 

Cup LABORATORY DATA QU- AND THEIR USE 
IN QUANIlTATlvE RISK ASSESSMENT 

Include Data Indicates IndlcateS 
Uncertain Uncertain in Quantitative 

Qualifier Definition Identity? Concentration? Risk Assessment? 

I n o d c  Chemical Dab:' 

B 

U 

E 

M 

N 

S 

W 

t 

+ 

Reported value is <cRDL, No 
but >IDL 

Compound was analyzed for, YeS 
but not detected. 

value is estimated due to 
IMtIjX interferences. 

No 

Duplicate injection precision No 
CriteIia not met 

Spiked sample recovery not No 
within control limits. 

Reportedvaluewas No 
determined by the Method of 
standard Additions (MSAI. 

Postdigestion spike for No 
furnace AA analysis is out of 
control limits, while sample 
absorbance is <SO% of spike 
absorbance. 

Duplicate analysis was not 
within control limits. 

correlation coefficient for 
MSA was co.995. 

No 

No 

? 

YeS 

YeS 

YeS 

YeS 

No 

YeS 

YeS 

YeS 

YeS 

? 

YeS 

YeS 

YeS 

YeS 

YeS 

YeS 

YeS 

(continuedl 
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CLP LABORATORY DATA QUALIFWS AM) THEIR POTENTlAL USE 
IN QUANTITATM! RISK ASSESSMENT 

Indicates Indicates Include Data 
Uncertain Uncertain in Quantitative 

Qualifier Definition Identity? Concentration? Risk Assessment? 

OrnaniC Chemical Data? 

U 

J 

C 

B 

E 

D 

A 

X 

Compound was analyzed for, 
but not detected. 

Value is estimated, either for 
a tentatively identified 
compound CrrC) or when a 
compound is present 
(specrral identification 
criteria are met, but the 
value is <CRQL). 

YfS 

No, for T U  
9 

yes, for TICS 

No 
Pestiade results were 
confhed by GC/MS. 

No 
Ad* found in associated 
blank as well as in sample. 

Concentration exceeds 
calibration range of GC/MS 
iIxmment 

Compound identified in an 
analysis at a secondary 
dilution factor. 

The nC is a suspested aldol- 
condimsation product. 

Additional flags defined 
separately. 

No 

NO 

YeS 

YfS 

No 

YeS 

YeS 

No 

YeS 

YfS 

YeS 

YeS 

No 

-- 

- = Data will vary wth lab0 ratory c o n d ~  analyses. 

'Source: EPA1988a. 
'Source: EPA1988b. 
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TABLE 4-3 

VALIDAnON DATA QUALIFERS AND "EIR 
POTENTUU. USE IN Q U A " A " E  RISK ASSESSMENT 

IlldicaWS Include Data 
in Qmtitative 

Indicates 
Unrertain Uncertain 

Qualifier Definition Identity? Concentration? Risk Assgsment? 

I n o d c  and O d c  Chemical Data? 

u Themab3ialwasanalyzed 
for, but not detected. The 
associated numerid value is 
the SQL 

J Theassociatednumerid 
value is an estixnated 
quantity. 

R Quality conml indicates that 
the data are unusable 
(compound may or may not 
bepresent). Re-samplhg 
and/or re-analysis is 
necgsary for verification. 

2 Noanalyticalresult 
(inorganic data only). 

Q Noanalyticalresult(organic 
data only). 

YeS 

No 

YeS 

I 

-- 

YeS 

Yes 

Yes 

YeS 

? 

YeS 

No 

N Presumptiveevidenceof 
present of material (tentative 
identification) ! 

- = Not applicable. 

a S o ~ :  EPA 1988 c,d. 

borganic chemical data only. 
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The J qualifier, meaning that the data is estimated, is most commonly 

encountered. J-qualified concentrations should be used in the same way 

aspositive data that do not have this qualifier. Appropriate caveats should be 

added if risk is assessed to be significant. 

Validated, R-qualified data are to be rejected. If the data were qualified 

under the now superseded laboratory qualification system then the R-qualifier 

refers to estimated data due to a low spike recovery. In this case the data 

should be used in the risk assessment but significant outcomes should be covered 

by caveats based on the best knowledge of the data quality. 

4.2.5 SlW 5 : Evaluation of Data Quality With Respect To Blanks 

Field blanks, usually HPLC-grade water for groundwater, surface water, and- 

leachate samples, and clean sand for soil and sediment samples, pass through 

the same field (and laboratory) procedures as field samples. These samples 

provide a means of ident@ng contaminants introduced during sampling. 

The laboratory blank (reagent blank) has a similar function to the field 

blank with respect to the identification of contaminants introduced during 

laboratory preparation and analysis of samples. 

Trip blanks are sealed pure water or clean sand samples which accompany 

containers to the field and back to the laboratory. Trip blanks enable checks to 

be made of contamination of samples which may arise from sample handling 

other than that involved in actual sample collection. 
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For certain common laboratory contaminants (EPA, 1988n,o) EPA 

recommends that sample results be considered positive only if the concentrations 

in the sample exceed ten times the maximum amount detected in any blank. 

Lf common laboratory contaminants are less than ten times the level of 

contamination noted in the blank, then they should be completely eliminated 

from the sample results. For all other contaminants, regarded by EPA to be non- 

common laboratory contaminants, results are to be taken as positive only if the 

measured concentrations exceed five times the maxirnrn amount detected in 
any blank. Measured values less than this limit are to be classified as non- 

detects and the limit taken to be the quantitation limit for the chemical in that 

sample. Again, if all samples contain less than five times the level of 

contamination noted in the blank, then that chemical should be eliminated from 

the set of sample results. 

4.2.6 STIEP 6 : Evaluation of Tentatively IdentSed Compounds 

Tentatively identifled compounds (TICs) are substances not on the EPA's TCL 

but which are detected during sample analyses. 

When few TICS are present, i.e., relative to the number of identified TAL and 

TCL compounds, and there is no historical evidence that a particular TIC may 

be present or that the TIC concentration may be high, TICs should not be 

included in the risk assessment. 

When many TICS are present (ie., relative to the number of identified TAL 

and TCL compounds), or there is good reason to believe that the TICs may be 

present and, perhaps, in high concentrations, then SAS should be used to 
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identify and positively and reliably measure their concentrations prior to their 

use in the risk assessment. 

EPA recognizes that it may not be possible, within practical constraints, to 
identify or measure the conceneations of the TIC with certainty. h this case, 

the chemical should be included in the risk assessment but all uncertainties 

should be noted. 

46.7 !XEP 7 : Comparison of Samples With Background 

Background data should be obtained from samples collected from areas of 

the site or in the vicinity of the site which are unaffected by site contaminants. 

Reliance should not be put on non-site specific published data. The RPM should 

be consulted to help decide how comparisons with background data are to be 

made. 

The site risk assessment must: 

contain the justification for the elimination of any chemicals based 
on a comparison with background levels; 

contain an overview of the type of comparison made with 
background samples; and 

evaluate background risk, including contributions from 
anthropogenic sources, independently of the site contaminant risk; 
the risk shall be assessed by the RPM in the context of the site 
remediation. 
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If inorganic chemicals are present at the site at naturally occurring levels 

they may be eliminated from the sire quantitative risk assessment. 

Organic chemicals should not be eliminated fiom the risk assessment unless 

a very strong case can be made for so doing. The presence of organic chemicals 

in background samples may indicate that the area fiom which the samples were 

taken has been affected by site contarninants and should be included in the site 

risk assessment. 

4.2.8 SIEP 8 : Data Set For Use In The Risk Assessment 

At this stage of the data evaluation a compilation by medium should be 

made of all samples to be used in the risk assessment. 

A list of chemicals, by medium, will also be needed for the risk assessment. 

This list shall include chemicals: 

0 positively detected in at least one sample using RAS or SAS 
methods including chemicals with no qualifiers and qualifiers 
indicating known identity but unknown concentration, but 
excluding samples with unusually high detection limits; 

0 with detected levels significantly above levels of the same chemicals 
detected in blanks; 

0 with detected levels significantly above naturally occurring levels 
of the same chemicals; 

0 classified as "ICs associated with a site history or SAS identified; 
and/or 
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e which are transformation products of chemicals demonstrated to be 
present. 

Non-detects, which may be at the site, also may be included if an evaluation 

of risk at the detection limit is required. 

4.2.9 SlXP 9 : Optional Reduction in The Number of Chemicals 

In some cases there may be a large number of potentially site-related 

chemicals. Because of this, quantitative health risk assessments will generate a 

large amount of data which, by its nature, can lead to considerable difficulty in 

understanding. Therefore, it may be necessary to reduce the number of 

chemicals included in the risk assessment without eliminating the most important 

effects. An alternative, and a preferred option, to reducing the number of- 

chemicals included in the analysis, is to group together in the main text of the 

report the list of chemicals that contribute 99 percent of the risk; the remainder 

of the chemicals can be presented in the Appendices. 

However, if a reduction in the number of chemicals is required then 

activities which must be conducted before undertaking any reduction include: 

e 

0 

e 

consultation with the RPM; 

consideration of the procedure for documenting the elimination 
rationale; 

an examination of site historical information chemicals for which 
there is a reliable association with site activities should be retained; 
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0 consideration of concentration and toxicity of the chemicals; a 
chemical detected at low concentrations if it is a carcinogen should 
be retained; 

0 an examination of the mobility, persistence, and bioaccumulation 
potential of the chemicals; highly mobile or long-lived or 
bioaccumulatable chemicals should be retained; 

0 consideration of special exposure routes; 

0 consideration of the amenability to treatment; chemicals difficult to 
treat should be retained; 

0 an examination of applicable or relevant and appropriate 
requirements (ARARs); all chemicals with ARARS should be 
retained; and 

0 an examination of the need for the procedures. 

Reductions in numbers of chemicals can be achieved by grouping chemicals 

into classes; e.g., the polycyclic aromatic hydrocarbons can be grouped together 

and the associated carcinogenic risk evaluated assuming the current sole potency 

factor applies to all members of the class. 

Caution should be exercised when grouping chemicals: 

0 chemicals should not be grouped solely by toxicity characteristics; 

0 neither all carcinogenic nor a l l  non-carcinogenic chemicals should 
be grouped without regard to structure, activity, or other chemical 
similarities; and 

0 potential over- or under-estimates of risk must be discussed in the 
report. 
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Chemicals may be considered for elimination from the risk assessment if: 

0 they are detected infrequently in one or perhaps two environmental 
media; 

0 they are not detected in any other sampled media or at high 
concentrations; and 

0 there is no reason to believe that the chemical may be present. 

The RPM may use modeling to assess the spatial extent of chemicals which 

are infrequently detected. When setting cut-off frequencies of detection the 

following EPA requirement should be satisfied: if, for example, a five percent 

detection rate in all samples of a medium is set then at least twenty samples of. 

the medium should be analyzed. 

Chemicals expected to be present should not be eliminated from the risk 

assessment. Chemicals infrequently detected but with concentrations that greatly 

exceed reference concentrations should not be eliminated. Chemicals 

infrequently detected in soil should not be eliminated as a site contaminant if 

the same chemical is frequently detected in groundwater. 

Chemicals that are: 

0 essential human nutrients; 

e present at low concentrations (i.e., only slightly elevated above 
naturally occum'ng levels); or 
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support the calculation of exposure concentrations in the exposure assessment 

portion of the risk assessment (see Tables 4 4  & 4-5). 

Requirements for the presentation of data collection and evaluation results 

are summarized below. The introduction should discuss: 

e the steps involved in data evaluation in bullet form; 

e the steps employed in the optional screening procedure, if used; 

e historical data and current data, if used; 

e whether site-specific considerations were used in data collection and 
evaluation; and 

e general uncertainties concerning the quality associated with either 
the collection or the analysis of samples. 

Next discuss: 

e the samples from each medium selected for use in the quantitative 
risk assessment; 

e the method of sample collection, including information on the 
number and location of samples; and 

the reasons for excluding any samples prior to data evaluation (excluded 
data may be used for qualitative discussions). 

The data evaluation should be discussed: 

e for those media that are potential sources of contamination for 
other media; 

e either by medium, by medium within each operable unit, or by 
discrete areas within each medium in an operable unit; 
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need not be considered fhrther in the quantitative risk assesment. 

toxic only at very high doses (Le.$ much higher than those that 
could be associated with contact at the site], 

Howev~i, prior to eliminating such c h m i d  from the risk assessment, 

they must be shown to be present at levels tfiar are not associated with adverse 
health &ern. 

A concentration-toxicity screen can be used to identify chemicals h a 

particular m ~ = d i ~ m  that most likely contribute sigdficantly to risks cdda ted  for 

exposure scetxarjos iwolving rhat medium,. The most conservative toxicity values 

for a chemical should be used izl the analysis. (2mnicals for which them are no 
toXiCity values cannot be screened and must be! discussed in the risk assessment 

as chemicals of concan 

The risk €actor for a chemical in a medium, useful only in the screening 

process, is the largest measured concentration of the Chiemicd in the medium 

divided by &E relevant reference dase OT potency slope factor. The risk factor 
divided by the surfl of risk factm for a medium provides a meamre of relative 

risk for the d i d c a l  in the medium. chemic& having a relative risk less than 

some agreed mbitKarilfr small cut-off can be eliminated from the dsk assessment, 

The section of the risk assessmeat report summarjzixlg the d t s  of the data 

collection and evaluation should be titled "IdeniiticatiOrr of Chemicals af Potentid 

Concern". Information in this section should be presented in ways that readily 

c- 

.-. 
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TABLE 4 4  

EXAMPLE OF TABLE FORMAT FlOR P R E S E ” G  
CHEMICAls SAMPLED IN SPIECIPIC MEDIA 

Table X 
Chemicals Sampled in Medium Y 

(and in operable Unit  2, if appropriate) 
Name of Site, Location of Site 

Range Range 
of Sample of Detected 

Frequency of Quantitation Concentrations Background 
Chemical Detections Limits (units) (units) Levels 

CHEMICAL A 3/25 5 - 50 320 - 6400 100 - 140 
CHEMICAL B 25/25 1 - 32 16 - 72 - 

- = Not Available 

* Identified as a chemical of potential concern based on evaluation of data according to 
procedures described in text of report. 

Number of samples in which the chemical was positively detected over the number of 
samples available 

a 
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TABLE 4-5 

EXAMPLE OF TABLE FORMAT FOR SUMMARIZING 
CHEMICALS OF POTENTIAL CONCERN IN 

ALLMEDIASAMPLED 

Table W 
Summary of chemicals of 

Potential Concern at Site X,, Location Y 
(and Operable Unit 2, if applicable) 

- -- CHEMICAL A 5 - 1000 - 2 - 30 
CHEMICAL B 0.5 - 64 5 - 92 - 100 - 45,000 *- 

CHEMICAL C - 15 - 890 50 - 10,000 - 
CHEMICAL D 2 - 12 I - 0.1 - 940 * 

- = Not available 
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by source area for each medium, if several source areas with 
different types and concentrations of chemicals exist; 

including sample or data deficiencies for a particular medium; 

separating surface soils data from subsurface soils data; 

presenting groundwater results by aquifer; and 

separately treating surface water/sediment results by the specific 
water body sampled. 

For each medium identify the chemicals for which samples were analyzed 

and list the analytes that were detected in at least one sample. If any detected 

chemicals were eliminated from the quantitative risk assessment, based on the 

evaluation of data, then the reasons for the elimination should be provided. 

General trends in the data, locations of hot spots, and any trends in data 

in time should be discussed. 

The data presentation format should include a separate table that includes 

all chemicals detected in a medium, for each medium sampled, or for each 

medium within an operable unit. All chemicals that have been determined to 

be of potential concern, based on the data evaluation, should be designated in 

the table with an asterisk (*) to the left of the chemical name. 

For each chemical, report: 

the frequency of detection in each medium; 

the range detected or quantified values in the samples, i.e., the 
minimum and maximum detected values; 
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e the range of sample-specific reported QLs (only report CRQLs and 
MDLs, etc., when SQLs are not available) excluding eliminated 
values; and 

e the ~tural ly  occurring concentrations with footnote sources. 

The identity of the samples used in determining concentrations presented 

in the above table should be listed in a footnote. 

The fkal table contains a list of the chemicals of potential concern 

presented by the medium within each operable unit (see Table 4-5). 
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5.0 SuMN[ARY 

A study was performed in which exposure scenarios, computer models and 

data collection methods were selected for use in Baseline Risk Assessments of 

Rocky Flats Plant Operable Units. These! Basebe Risk Assessments will be 

perfonned in the near future for each of the identified Operable Units. This 
study meets the follo&ng objectives: 

Define exposure scenarios to be used in performance of Baseline 
Risk Assessments; 

0 Review the draft demographics report for applicability and 
usefulness in scenario definition; 

0 Review environmental fate and transport models against selection 
criteria, site characteristics and site data requirements; 

Compare modeling parameter requirements with identified on- 
going site characterization programs; and 

Recommend the most appropriate contaminant fate and transport 
computer models for use in the Basehe Risk Assessment at the 
Rocky Flats Plant. ' 

The impetus for perfonning this study is an Interagency Agreement 

between DOE and EPA to provide two technical memoranda which: 

0 "describe the present, future, potential and reasonable use exposure 
scenarios with a description of the assumptions made and the use 
of data. This memoranda shall be submitted prior to the required 
submittal of the Baseline Risk Assessment for each OU; and 

0 describe the fate and transport models that will be utilized, 
including a summary of the data that will be used with these 
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models. Representative data shall be utilized and limitations, 
assumptions and uncertainties associated with the models shall be 
documented." 

This study is intended to meet the requirements of these two technical 

memoranda on a general, site-wide basis. 

5.1 Development of Exposure Scenarios 

Seven general potentially exposed populations or receptors are defined. 

None could be excluded based on projections in the draft "Rocky Flats 

Demographics Report" (EG&G, 1990). Also, the sources of potentid exposure are 

identified: 

0 Volatilization of chemical contamination to the air; 

0 Emission of fugitive dust with chemical or radiological 
contamination, potentially resulting in airborne concentrations of 
these constituents, and deposition of dusts on foliage of crops and 
soils off-site; 

Sail ingestion from direct contact with contaminated sails by 
individuals entering the site; 

Percolation to groundwater and subsequent dispersion and intake; 

0 Contamination of surface water and subsequent dispersion and 
intake; and 

D e d  absorption of contamination due to contamhadon due to 
contact with contaminated soil or water. 
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The mathematical equations which are used to estimate the level of 

exposure at the receptor are briefly described for each source/pathway except 

where computer models would be used (e.g., groundwater transport). 

The exposure scenarios for four major cases are developed: 

e Present maximally exposed individual 

0 Future maximally exposed individual 

0 Present reasonable maximum exposure 

e Future reasonable maximum exposure 

Each of these cases are developed in terms of the potential receptors and 

sources identified earlier to form a set of assumptions which form the conditions 

of each exposure scenario. Even though use of less than the most restrictive 

exposure scenario carries with it the possibility of requiring deed restrictions on 

future land use, the reasonable maximum exposure scenarios are recommended 

for baseline risk assessment. This is consistent with EPA’s most recent guidance 

(EPA, 1989a). 

5.2 Environmental Fate and Transport Analysis Models 

Contaminant fate and transport computer models currently available have 

been evaluated, compared and reviewed with respect to their applicability for use 

in the Baseline Risk Assessment. The most appropriate contaminant fate and 

transport computer models have been recommended for use in the Basehe Risk 
Assessments of RFP. 
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The models analyzed in this study include both the "EPA models" which 

have been verified and approved for use by EPA as well as some of the "non- 

EPA models" which include the balance of models available to the general public. 

The models analyzed are accepted, commonly-used environmental fate and 

transport and dose-response models that were either: (1) taken from the list of 

EPA's "risk assessment" models compiled in the Superfund Risk Assessment 

Information Directory; or (2) selected from publications and references using 

professional judgement on the applicability of a model in the risk assessment 

process. There are countless other models besides those which may also be 

acceptable and applicable. 

The models have been loosely divided into four groups: 

0 Unsaturated zone and groundwater dispersion models; 

0 Surface water dispersion models; 

a Airborne dispersion models; and 

0 Exposure assessment models 

The objective in selecting codes is to provide a representative set of tools 

for quantifying and evaluating the likely impacts of site closure alternatives. 

Without additional information, it would be incorrect to prescribe specific 

computer codes for site-specific applications. Also, experience with those codes 

that are finally selected to simulate facility, transport, and exposure pathways is 
essential for a basic understanding of the performance assessment modeling. 

Typically, several computer codes will be used in the course of a performance 

146 



assessment. These include groundwater flow and transport codes, atmospheric 

transport codes, surface water transport codes, and possibly, exposure assessment 

codes. 

The criteria used to select models appropriate for use at the Rocky Hats 

Plant are shown below. The selected model(s) must: 

be able to adequately simulate site conditions; 

0 be able to satisfy the objective of the study (should be neither too 
simple or too complex); 

be verified, and reasonably well field tested; and 

be well documented, peer reviewed, and available. 

The models are evduated against these criteria, site conditions and data 

input requirements to arrive at a group of models which would be most 

appropriate for use at the Rocky Flats Plant. In addition, p e r ~ o ~ e l  involved h 

data acquisition programs underway at the RFP site have been contacted to 

identify areas where data availability may hrther limit the ability to use some 

models. /&&*"e&&.& d ' - " d d X f & / A 4 &  I du' 
Groundwater: Based on the model descriptions, six 

groundwater models have be potential use at the RFP site. This 
six models are: GREASE, M INCO, TARGET, and SWANFLOW. 

Each of the six possible models is suited to address particular problems. The 

conditions under which each class of model is applicable are as follows: 
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0 two dimensional, horizontal models: commonly applied to 

compared to horizontal 

0 models: commonly 
applied to localized unsaturated/samted zone flow, in which flow 
is primarily vertical. The vertical section is usually oriented in the 
direction of horizontal flow (if any). Selected models are: 
FLAMINGO and TARGET. 

flow and vertical 

variations. Selected models are: MOC and TARGET. 
I 

0 three dimensional models: commonly applied to areas where 
horizontal vertical flow are important. 
GREASE2, SWIFT, FLAMINCO, TARGET, and SWANFLOW. 

Selected models are: 

t -  

i-- 

L 
.- 

Of these models, TARGET m y  be the best possible choice because of its 

versatility, availability, ease of use, level of documentation, and degree of field' 

testing. 

Surface Water: Based on the selection criteria and model descriptions, eight 

surface water models have been selected for potential use at the Rocky Flats 

Plant site. Where extensive data collection and evaluation p&ts, the HSPF 

model is recommended. Otherwise, for each of three applications, Merent 

models are more appropriate than others: 

Nonpoht Source Runoff Models -- From the standpoint of data 
requirements, history of applications, and meeting the objectives of 
the study with reasonable accuracy, SWMM, appears to be the most 
appropriate model for continuous simulation for this component of 
the study. The next best choices appear to be CREAMS, and 
A m O ,  respectively. If the scope of the study permits extensive 
data collection and acquisition and suEticient time to complete the 
study, then HSPF appears to be the best choice. 
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For event-based simulation, SEDIMOT-I1 appears to be the best 
choice. This model does not simulate the transport of dissolved 
constituents. These constituents can be estimated by approximate 
analytical approaches. 

Surface Water Runoff Models -- For the simulation of continuous 
stream flow and pollutant transport, HEC-6 and WQRRS appear to 
be the most appropriate choices. HECdxan simulate flow and 
sediment transport whereas WQRRS can model d other water 
quality parameters including total suspended solids. I f  the scope 
of the study warrants extensive data collection and acquisition and 
sufficient time for completion of the study, then HSPF appears to 
be the preferred model. 

For routing storm runoff and sediment load generate by that runoff 
through the streams and holding ponds, SEDIMOT-I1 appears to be 
the best choice. 

Surface Water Transport Models -- For continuous simulation of’ 
reservoir sedimentation and water quality HEC-6 and WQRRS are 
judged to be the best choices. So far as the simulation of reservoir 
water quality is concerned, CE-QUAL-R1 US AWES and WQRRS are 
very similar models. However, WQRRS is preferred here because 
it can simulate both stream and reservoir water quality. If the 
scope of the study permits adequate time for extensive data 
collection, then the more sophisticated HSPF model will be 
appropriate. 

For event-based simulation of sediment routing through Stanley 
Lake and Great Wester Reservoirs, SEDIMOT-I1 appears to be the 
preferred model. 

Airborne Dispersion: A number of models are available for airborne dispersion 

modeling. Since the scope of application covers many broad areas, a grouping 

was developed to allow easier model selection based on the particular modeling 

requirements for an RFP operating unit: 
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e Complex Terrain Models -- The preferred model for complex terrain 
is COMPLEXl. This is essentially a screening model. If a more 
refined modeling analysis is required, RTDM should be used. RTDM 
requires more intensive meteorological data, although it is capable 
of handling a worst case 'Yictitious" data set, and therefore 
application of RTDM might be limited, given availability of data for 
an RFP operating unit. 

e Simple Terrain Models -- The ISCST model is the preferred model 
for use with simple terrain (receptors having an elevation equal to 
or less than the source evaluation). ESCST is capable of handling 
point, area, and volume sources. ISCST can account for 
gravitational settling and deposition. Time variability of emission 
rates also make this model, by far, the most comprehensive one 
available. 

e Instantaneous Models -- INPUFF is the recommended model for 
treatment of instantaneous and quasi instantaneous releases from- 
point sources. This model can also be adapted for use with short 
duration open burning emissions. 

Exposum Assessme Radiological exposure assessment is similar to that for 
chemical exposures; however, beyond the inhalation, ingestion, and absorption, 

radiological exposure must include external radiation effects, radioactive decay 

and ingrowth factors among others. Synergistic effects should also be considered 

and discussed in the Risk Characterization section of the Human Health Risk 
Assessment. 

A number of models have been developed specifically for radionuclides, 

some of which can also accommodate chemical contaminants. With the presence 

of radioactive materials at RFP, models having features such as radioactive decay 

and daughter in-growth may be particularly useful. 
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Of the codes analyzed, the PATHRAE family of codes (PATHRAE-EPA, 

PATHRAE-RAD, and PATHRAE-HAZ) have features which make them applicable 

to a wide range of nuclear and hazardous waste disposal analyses. One 

advantage of PATHRAE is that a version for nonradioactive hazardous species has 

also been developed and applied to activities at the Savannah River Plant. Thus, 

by adopting the PATHRAE codes as system codes, the problem of addressing both 

radioactive and non-radioactive species can be handled with a high degree of 

consistency. 

The PATHRAE methodology is comprehensive and models both off-site and 

on-site pathways through which individuals may come in contact with the waste. 

The off-site pathways indude groundwater transport to a surface river or well, 

surface (wind or water) erosion, and atmospheric transport. The on-site 

pathways of concern arise principally from worker exposures during operations 

and from post-closure site reclamation (intruder) activities such as living and 

growing edible vegetation on-site and drilling wells for irrigation or drinking 

water. 

5.3 Data Collection and Evaluation 

Data requirements of available contaminant fate and transport models are 

evaluated and data quality objective guidelines for the data are defined. Also, 

certain modeling parameters can have a profound effect on the accuracy and 

viability of the output (e.g., time-step used on iterative models). Therefore, the 

sensitivity of some of these parameters are evaluated and direction provided for 

the models to be recommended, as applicable. In addition, the dataset necessary 
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to provide d d d b l e  exposure assessment values are evaluated and appropriate 
guidance provided. Guidance ix p e d e d  in each of the following areas: 

data w 
the scoping meeting 

modeling parameter needs 

background sampling needs 

preliminary identification of pornlid human expome 

soil sampling 

ground water sampling 

surface water and sedjment samphg 

S m p h  

biota sampling 

overall strategy for sample collection 

work plan and sampling and analysis plan prqaradon 

data review 

It Is recommended that field s m p h g  programs ;nCorporate and follow 

this guidance to yield data which will h l d  up to subsequent data evaluation and 

incorporadon in the Baseline E& Assessment. 
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For the evaluation of data, EPA (1989) proposes a nine step o r g h a t i o n  

of chemical yield data which will hold up to subsequent data evaluation and 
incorporation in the Baseline Risk Assessment 

For the WaZuatiOn of data, FPA {I9891 proposes a &e step or@atiorL 

of chemical data into a fom appropiate for a baseline risk assessment. The 

gather all data available fkom the site investigation and sort by 
medium; 

evaluate the analytical methods used; 

evduate the quality of data with respect to sample quadtation 
limits; 

evaluate the quatity of data with respect to blanks; 

evaluate tentatively idmMed compounds; 

develop a set of data for use in the risk assessment; and 

if approp&t& further limit the nmber of & d c &  to be carried 
hugh the risk assessment. 

Guidance is provided for the strict comphce gth each of these steps as 

well as the final step of data presentation. Any changes to this step-wise process 

mvst be reviewed by the EPA Remedial Pmject Manager (RPW, and 4 changes 



are to be fully documented. The outcome of the data evaluation of the data 

evaluation process is: 

0 the identification of a set of chemicals that are likely to be site- 
related; and 

reported concentrations that are of acceptable quality for use in the 
quantitative risk assessment. 

154 



6.0 REFERFNCES 

American Society of Testing and Materials (ASTM). Undated. A ProDosed Guide 
for Sediment Collection. Storage. Characterization. and ManiDdation. Draft. 
Available from G. Allen Burton, Dept of Biological Sciences, Wright State 
University, Dayton, Ohio 45435. 

Benson, Pad E., 1979, CALINE3 - A Versatile Dispersion Model for Predicting Air 
Pollutant Levels Near Highways and Arterial Streets: Federal Highway 
Administration, National Technical Information Service PB 80-220841 

Bjorklund, J.R, and J.F. Bowers, 1982, 1982, User's Instructions for the SHORTZ 
and LONGZ Computer Programs Volumes 1 and 11: U.S. Environmental 
Protection Agency Region 111, EPA 903/9-82-004a - b 

Bond, Frederick, and Hwang, Seong, 1988, Selection criteria for mathematical 
models used in exposure assessments: ground-water models: U. S. Environmental 
Protection Agency, EPA/600/8-88/075. 

Brode, Roger W., 1988, Screening Procedures for Estimating the Air Quality 
Impact of Stationary Sources: U S .  Environmental Protection Agency, EPA- 
450/4-88-0 10 

Bums, et. al, 1982, Chemical Transport and Analysis Program, CTAP, ORD 
Publications, Center for Environmental Research infomation, USEPA, Cincinnati, 
Ohio. 

Dames t? Moore, 1985, TARGET, Dames & Moore mathematical model of 
ground-water flow and solute transport: Dames & Moore. 

Environmental Protection Agency (EPA) and Army Corps of Engineers (COE). 
1981. Procedures for Handlinn the Chemical Analvsis of Sediment and Water 
SamDles. Technical Committee on Dredged and Fill Material. Technical Report 
EPA/DE-81-1. 

Environmental Protection Agency (EPA). 1981. Procedures for Handlinn and 
Chemical Analvsis of Sediment and Water Samdes. Great Lakes Laboratory. 

155 



Environmental Protection Agency (EPA). 1983. Technical Assistance Document 
for Sam~lina and Analysis of Toxic Organic Compounds in Ambient Air. Office 
of Research and Development. 

Environmental Protection Agency (EPA). 1984. Methods for Organic Chemical 
Analvsis of M h d ~ a l  and Industrial Wastewater (EPA 600 Methods) as presented 
in 40 CFR Part 136, Guidelines Establishing Test Procedures for the Analysis of 
Pollutants Under the Clean Water Act. 

Environmental P'rotection Agency (EPA). 1984. Sediment Samplinn Ouality 
Assurance User's Guide. Environmental Monitoring Support Laboratory. Las 
Vega, NV. NTIS: PB-85-233-542. 

Environmental Protection Agency (EPA). 1985a. Practical Guide to Ground- 
water Sampling. Environmental Research Laboratory. Ada, O K  EPA 600/2- 
85/104. 

hvironmental Protection Agency (EPA). 1985b. Methods Manual for Bottom 
Sediment Samde Collection. Great Lakes National Program Office. EPA 905/4-' 
85/004. 

Environmental Protection Agency (EPA). 1985c. Cooperative Ameement on the 
Monitoring of Contaminants in Great Lakes Sport Fish for Human Health 
Pumoses. Region V, Chicago, IL. 

Environmental Protection Agency (EPA). 1985d. Petitions to 'Delist Hazardous 
Wastes Guidance Manual. Office of Solid Waste. EPA/530/SW-85/003. 

Fhvironmental Protection Agency (EPA). 1986. Test Methods for Evaluating 
Solid Waste (SW-84-61: PhvsicaVChemical Methods. Office of Solid Waste. 

Environmental Protection Agency (EPA). 1986b. Field Manual for Grid 
Sam~ling of PCB SDU Sites to Verifv Cleanum. Office of Toxic Substances. 
EPA/560/5-86/017. 

Environmental Protection Agency (EPA). 1 9 8 6 ~ .  Resource Conservation and 
Recoverv Act (RCRAI Ground-water Monitorinn Technical Enforcement Guidance 
Document. Office of Waste Programs Enforcement. 

156 



Environmental Protection Agency (EPA). 1987. Drinking Water; Proposed 
Substitution of Contaminants and Proposed List of Additional Substances Which 
May Require Regulation Under the Safe Drinking Water Act. 52 Federal Re&ter 
25720 (July 8, 1987). 

Environmental Protection Agency (EPA). 1987a. Data Quality Obiectives for 
Remedial ResDonse Activities: Development Process. Office of Emergency and 
Remedial Response and Office of Waste Programs Enforcement. EPA/540/G- 
87/003. (OSWER Directive 9335.0-7B). 

Environmental Protection Agency (EPA). 198%. Data Ouality Obiectives for 
Remedial ResDonse Activities: ExamDle Scenario: RI/FS Activities at a Site with 
Contaminated Soils and Ground Water. Office of Emergency and Remedial 
Response and Office of Waste Programs Enforcement. EPA/540/G-87/004. 

Environmental Protection Agency (EPA). 1987c. A ComDendium of SuDerfUnd 
Field O ~ e ~ i t i o n s  Methods. Office of Emergency and Remedial Response. 
EPA/540/P-87/001. 

Environmental Protection Agency (EPA). 1987d. Handbook Ground Water.’ 
Office of Research and Development. EPPJ625/6-87/016. 

Environmental Protection Agency (EPA). 1987e. An Overview of Sediment 
0ualit-y in the United States. Office of Water Regulations and Standards. 

Environmental Protection Agency (EPA). 1987f. b a n d e d  Site InsDection lESIl 
Transitional Guidance for FY 1988. Office of Emergency and Remedial Response. 
(OSWER Directive 9345.1-.02). 

Environmental Protection Agency (EPA). 1987g. Qualitv Assurance Field 
ODerations Manual. Office of Solid Waste and Emergency Response. 

Environmental Protection Agency (EPA). 198711. Field Screening Methods 
Catalog. Office of Emergency and Remedial Response. 

Environmental Protection Agency (EPA). 1988a. Contract Laboratory Program 
Statement of Work for Inorganics Analvsis: Multi-media, Multi-concentration. 
Office of Emergency and Remedial Response. SOW No. 788. 

157 



Environmental Protection Agency (EPA). 1988a. Guidance for Conducting 
Remedial Investinations and Feasibility Studies Under CERCLA. Interim Final. 
Office of Emergency and Remedial Response. (OSWER Directive 9355.3-01). 

Environmental Protection Agency (EPA). 1988a. User's Guide to the Contract 
Laboratorv Promam. Office of Emergency and Remedial Response. 

Environmental Protection Agency (EPA). 1988b. Contract Laboratory Program 
Statement of Work for Inorganics Analysis: Multimedia. Multi-concentration. 
Office of Emergency and Remedial Response. SOW No. 288. 

Environmental Protection Agency (EPA). 1988b. Contract Laboratory Program 
statement of Work for Organics Analysis: Multi-media. Multi-concentration. 
Office of Emergency and Response. SOW No. 788. 

Environmental Protection Agency (EPA). 1988b. Statistical Methods for 
Evaluating Ground Water horn Hazardous Waste Facilities. Office of Solid. 
Waste. 

Environmental Protection Agency (EPA). 1988c. Contract Laboratory Program 
Statement of Work for Organics Analysis: Multi-media. Multi-concentration. 
Office of Emergency and Remedial Response. SOW No. 288. 

Environmental Protection Agency (EPA). 1988c. Laboratorv Data Validation 
Functional Guidelines for Evaluating Inornanics Analwk. Office of Emergency 
and Remedial Response. 

Environmental Protection Agency (EPA). 1988c. Surface ImDoundment Clean 
Closure Guidance Manual. Office of Solid Waste. 

Environmental Protection Agency (EPA). 1988d. Laboratorv Data Validation 
Functional Guidelines for Evaluating Organics Analysis (Functional Guidelines for 
Organics). Office of Emergency and Remedial Response. 

Environmental Protection Agency (EPA). 1988d. Love Canal Emergency 
Declaration Area Habitabilitv Studv Report. Prepared by CH2M Hill and Life 
Systems for EPA Region 11. 

158 



Environmental Protection Agency (EPA). 1988e. Guidance on Remedial Actions 
for Contaminated Ground Water and SuDerfund Sites. Interim Final. Office of 
Emergency and Remedial Response. (OSWER Directive 9283.1-2). 

Environmental Protection Agency (EPA). 1988e. Laboratorv Data Validation 
Functional Guidelines for Evaluating Organics Analysis (Functional Guidelines for 
Organics). Office of Emergency and Remedial Response. 

Environmental Protechon Agency (EPA). 1988f. Special ReDort on Ingested 
I n o d c  Arsenic: Skin Cancer: Nutritional Essentialiw. Risk Assessment Forum. 
EPA 625/3-87/0 13. 

Environmental Protection Agency (EPA). 1988f. Statistical Methods for 
Evaluatk the Attainment of SuDerfund CleanuD Standards. Volume I: Sods 
and Solid Media. Draft. Office of Policy, Planning, and Evaluation. 

Environmental Protection Agency (EPA). 1988g. ProDosed Guidelines for 
ExDosure-related Measurements. 53 Federal Renister 48830 (December 2,1988). 

Environmental Protection Agency (EPA). 198811. Interim Report on Sam~ling 
Desirm Methodolow. Environmental Monitoring Support Laboratory. Las Vegas, 
NV. EPA/600/X-88/408. 

Environmental Protection Agency (EPA). 1988i. User's Guide to the Contract 
Laboratorv Proaram. Office of Emergency and Remedial Response. 

Environmental Protection Agency (EPA). 1989. National Emission Standard for 
Hazardous Air Pollutant - Radionuclides. December, 1989. 40 CFR Part 61 Faan 
Role and Notice of a Reconsideration. Fed. Reg. Vol. 54 No. 240. 

Environmental Protection Agency (EPA). 1989. Risk Assessment Guidance for 
Superfund Volume 1 Human Health Evaluation Manual (Part AI. 

Environmental Protection Agency (EPA). 1989a. Risk Assessment Guidance for 
SuDerfund: Environmental Evaluation Manual. Lnterh Find. Office of 
Emergency and Remedial Response. EPA/540/1-89/001k (OSWER Directive 
9285.7-01). 

159 



Environmental Protection Agency (EPA). 1989b. Soil S ~ D ~ E  Oualitv 
Assurance Guide. Review Draft. Environmental Monitoring Support Laboratory. 
Las Vegas, NV. 

Environmental Protection Agency (EPA). 1989c. Statistical Analvsis of Ground- 
water Monitorinn Data at RCRA Facilities. Office of Solid Waste. 

Environmental Protection Agency (EPA). 1989d. Ground-water S m ~ l i n n  for 
Metals Analvses. Office of Solid Waste and Emergency Response. EPA/540/4- 
89-001. 

Environmental Protection Agency (EPA). 1989e. Air SuDerfund National 
Technical Guidance Series. Volume N: Procedures for DkDersion Modelinn and 
Ah Monitoring for SuDerfund Air Pathwav Andvsis. Interim Find. Office of Air 
Quality Planning and Standards. Research Triangle Park, NC. EPA/450/1- 
89/004. 

Environmental Protection Agency (EPA). 1989f. Au SuDerfund National 
Technical guidance Series. Volume I: ADplication of Air Pathwav Analyses for 
SuDerfund Activities. Interim Final. Office of Air Quality Planning and' 
Standards. Research Triangle Park, NC. EPM450/1-89/001. 

Environmental Protection Agency (EPA). 1989g. Air SuDerfund Nation Technical 
Guidance Series. Volume 11: Estimation of Basehe Air Emissions at Superfund 
- Sites. Interim Final. Office of Air Quality Planning and Standards. Research 
Triangle Park, NC. EPA/450/1-89/002. 

Environmental Protection Agency (EPA). 198911. Air Superfund National 
Technical Guidance Series. Volume 111: Estimation of Air Emissions from 
CleanuD Activities at SuDerfund Sites. Office of Air Quality 
Planning and Standards. Research Triangle Park, NC. EPA/450/1-89/003. 

Interim Find. 

Environmental Protection Agency (EPA). 1989i. Guidance Manual for Assessing 
Human Health Risks from Chemically Contaminated Fish and Shellfish. Office 
of Marine and Estuarine Protection. (EPA/503/8-89/002) 

Environmental Protection Agency, 1976, Modeling Pesticides and Nutrients on 
Agricultural Lands, NPS, EPA-600/2-76-043, Environmental Research Laboratory, 
Athens, Georgia. 

160 



Environmental Protection Agency, 1986, Industrial Source Complex (ESC) 
Dispersion Model Useis Guide, Second Edition, Volumes 1 and 2: U.S. 
Environmental Protection Agency, National Technical Information Service PB 86- 
234259 and PB 86 234267 

Pierce, Thomas D. and Tumer, D. Bruce, 1980, User's Guide for MPTER 
Fswkonmental Protection Agency, National Technical Information Service PB 80- 
197361 

@A 1986, 
86/061, Office of Emergency and Remedial Response. 

Superfund Risk Assessment Information Directory, EPtV540/1- 

EPA 1988 Superfund Exposure Assessment Manual. Office of Emergcincy and 
Remedial Response. EPA/540/1-88/001. (OSWER Directive 9285.5-1). 

EPA 1989, Exposure Factors Handbook, EPA/600/8-89/043, Office of Health and 
Environmental Assessment. 

EPA, 1989c. Title 40 Code of Federal Regulations, Section 61, Subpart H .  
"National Emission Standards for Emissions of Radionuclides Other Than Radon 
From Department of Energy Facilities". 

EPA. 1985a. Rapid Assessment of Exposure to Particulate Emissions from 
Surface Contamhation Sites. U.S. Environmental Protection Agency. Office of 
Health and Environmental Assessments. EPA 600/8-85/002. 

EPA. 1986a. Superfund Public Health Evaluation Manual. OSWER Directive 
9285.4-1. Environmental Protection Agency, Office of Solid Waste and 
Emergency Response, Washington, DC, EPA 540/1-86/060. 

Fabrick, Man J. and Haas, Peter J., 1980, Useis Guide to IMPACT: An 
Integrated Model for Plumes and Atmospheric Chemistry in Complex Terrain: 
RADIAN COV., DCN 80-241-403-01 

Food and Drug Administration (FDA). 1977. Pesticide Analvtical manual. 
Volume I. 

Food and Drug Administration (FDA). 1986. Pesticides and Industrial Chemicals 
in Domestic Foods. 

161 



Food and Drug Administration (FDA). 1986. Pesticides and Industrial Chemicals 
in Domestic Foods. 

Freeman, H.M. 1989. Standard Handbook of Hazardous Waste Treatment and 
Dhosal. McGraw-Hill. New York. 

Gilbert, RO. 1987. Statistical Methods for Environmental Pollution Monitoring. 
Van Nostrand Reinhold. New York. 

Havens, J.A. and Spicer, T.O., 1985, Development of an Atmosphexk Dispersion 
Model for Heavier-Than-Air Gas Mixtures: U.S. Coast Guard, Contract #DT- 
CG-23-80-C-20029 

Hydro Qual, Inc., 1981, Analysis of Fate of Chemicals in Receivhg Waters, Phase 
1, Prepared for Chemical Manufacturers Association, Washington, D.C. 

International C o d s i o n  on Radiation Protection. Publication No. 26. 

International C o d s i o n  on Radiation Protection. Publication No. 30. 

Irwin, J.S., T. Chico, and J. Catalano, 1985, CDM 2.0 - Climatological Dispersion 
Model - Useis Guide: U.S. Environmental Protection Agency, National Technical 
Information Service PB 86-136545 

Marilyn J. Case and Mark D. Otis, "Guidelines for Radiological Performance 
Assessment of DOE Low-level Radioactive Waste Disposal Sites," DOE/LLW-62T, 
July 1988. 

Mills, W.B., et. al., 1982, Water Quality Assessment Methodology, WQAM, ORD 
Publications, USEPA, Cincinnati, Ohio. 

Nelson, Christopher, Atmospheric Dispersion of Radionuclides: Office of 
Radiation Programs - U.S. Environmental Protection Agency 

NRC. 1977. Regulatory Guide 1.109. Calculation of Annual Doses to Man f-rom 
Routine Releases of Reactor Effluents for the Purpose of Evaluating Compliance 
with 10 CFR 50 Appendix 1. U.S. Nuclear Regulatory C o d s i o n ,  Washington, 
D.C. 

162 



Office of Air Quality Planning and Standards, 1989, Useis Guide for RVD 2.0 - 
A Relief Valve Discharge Screening Model: U.S. Environmental Protection 
Agency, EPA 450/4-88-024 

Onishi, et. al., 1982, Transient one-Dimensional Degradation and Migration 
Model, TODAM, Battelle Pacific Northwest Laboratories and ICF Northwest, 
Richland, Washington. 

onishi, Y., (Undated) Metals Exposure Andy& Modeling System, MEXAMS, 
Battelle Pacific Northwest Laboratories, Richland, Washington. 

Onishi, Y., 1981, Finite-Element Transport Model, FETRA, Battelle Pacific 
Northwest Laboratories and ICF Northwest, Richland, Washington. 

Onishi, Y., and Wise, 1982, Sediment-Contaminant Transport, SERATRA, ORD 
Publications, Center for Environmental Research Information, USEPA, Cincinnati, 
Ohio. 

Paine, Robert J., and Egan, Bruce A, 1987, User's Guide to the Rough Terrain 
Diffusion Model (RTDM) (Rev 3.20): Environmental Research and Technology,. 
Inc., National Technical Information Service P-D535-585 

Peterson, W.B., 1978, User's Guide for PAL - A Gaussian-Plume Algorithm for 
Point, Area, and Line Sources: Office of Research and Development - Research 
Triangle Park, National Technical Information Service PB 281306 and 83-117739 

Austin, D.I., A.W. Bealer, and W.R Goodin, 1981, Random Walk Advection and 
Dispersion Model (RADM), User's Manual: Dames & Moore, Los Angeles, CA 

Peterson, William B. and Leonidas G. Lavdas, 1986, INPUFF 2.0 -A Multiple 
Source Gaussian Puff Dispersion Algorithm User's Guide: Atmospheric Sciences 
Research Laboratory, EPA 600/8-86-024 

Pierce, T.E., D.B. Turner, and J.A. Catalano, 1986: U.S. Environmental 
Protection Agency 

Rifai, H. S., Bedient, P. B., Borden, R C., Haasbeek, J. F., 1987, BIOPLUME 11, 
computer model of two-dimensional contaminant transport under the influence 
of oxygen limited biodegradation in ground water: Rice University. 

163 



Rockwd International, 1988, Rocky Flats Plant Site Environmental Report for 
1988, January through December, 1988: Rockwell International, RFP-ENV-88. 

Rocky Flats Demographics Report, Chapter 2, Population Estimates and 
Projections, June 1990. 

Schnoor, J., et. al., 1981, Toxic Organic Substance Transport and Bio- 
Accumulation Model, TOXIC, Civil and Environmental Engineering, Energy 
Engineering Division, University of Iowa City, Iowa. 

Schulman, Lloyd L., and Scire, Joseph S., 1980, Buoyant Line and Point Source 
Dispersion Model User's Guide: Environmental Research and Technology, Inc., 
National Technical Information Services PB 81-164642 

Staff of the Texas Air Control Board, 1979, User's Guide to the TEXAS Episodic 
Model: Texas Air Control Board, Permits Section, 6330 Highway 290 East, 
Austin, TX 

U.S. Army Corps of Engineers, 1973, REC-2, Water Surface Profiles, The 
Hydrologic Engineering Center, Davis California. 

U.S. Army Corps of Engineers, 1977, HEC-6 Scour and Deposition in Rivers and 
Reservoirs, The hydrologic Engineering Center, Davis, California. 

U.S. Atmy Corps of Engineers, 1978, Water Quality for River-Reservoir Systems, 
WORRS, The Hydrologic Engineering Center, Davis, California. 

U.S. Army Waterways Experiment Station, 1986(a), A numerical One- 
Dimensional Model of Reservoir Water Quality, CE-QUAL-RI, Vicksburg, 
Mississippi. 

U.S. Army Waterways Experiment Station, 1986(b), A Numerical Two- 
Dimensional Laterally-Averaged Model of Hydrodynamics and Water Quality, CE- 
QUAL-W2, Vicksburg, Mississippi. 

U.S. Department of A~culture ,  1975, An Agricultural Chemical Transport Model, 
ACT'MO, Publication No. ARS-H-3, Agriculture Research Service, H y a M e ,  
Maryland. 

164 



U.S. Department of Agriculture, 1980, A Field Scale Model for Chemicals, Runoff, 
and Erosion from Agricultural Management Systems, CREAMS, Conservation 
Report No. 26, Washington, D.C. 

U.S. Department of Energy, June 1990, Draft Rocky Flats Demographics Report, 
Chapter 2 Population Estimates and Projections, Environmental Restoration 
program. 

U.S. Environmental Protection Agency, 1978, Agricul- Runoff Management 
(ARM) Model, Versions I and 11: EPA-600/3-78-080, Environmental Research 
Laboratory, Athens, Georgia. 

U.S. Environmental Protection Agency, 1979, User's Manual for the Dynamic 
(Potomac) Estuary Model, Roesch, S.E., L.J. Clark, and M.M. Bray, Annapolis, 
Maryland. 

U.S. Environmental Protection Agency, 1982(a), Stonn Water Management User's 
Manual, Version 111, SWMM: EPA-600/2-84-109A, Cincinnati, Ohio. 

U.S. Environmental Protection Agency, 1982b, Exposure Analysis Modeling 
System (EXAMS), User Manual and System Documentation, Athens, Georgia: 
EPA-600/3-82-023 a 

U.S. Jhvironmental Protection Agency, 1983a, User's Manual for the Chemical 
Transport and Fate Model (TOXWASP), Version 1, Athens, Georgia: EPA-600/3- 
83-006. 

U.S. Environmental Protection Agency, 1984(a), Hydrologic Shdation Program - 
Fortran, HSPF, User's Manual for Release 8.0: EPA-600/3-84-006, Environmental 

Research Laboratory, Athens, Georgia. 

U.S. Environmental Protection Agency, 1985, WASTOX, A Framework for 
Modeling the Fate of Toxic Chemicals h Aquatic Environments, Part 1, Exposure 
Concentration (1984) and Part 2, Food Chain (1985), Connolly, J.P. and R.V. 
Thomann, Gulf Breeze, FL and Duluth, MN. 

U.S. Environmental Protection Agency, 1986, WASP3, A Hydrodynamic and 
Water Quality Model, Model Theory, User's Manual, and Programmer's Guide, 
Athens, Georgia: EP4/600/3-86-034. 

165 



U.S. Environmental Protection Agency, 1987(a), The Enhanced Stream Water 
Quality Models, QUAL2E and QUAL2E- UNCAS, Documentation and User Model, 
Athens, Georgia: EPA/600/3-87/007. 

U.S. Environmental Protection Agency, 1987(b), Selection Criteria for 
Mathematical Models in Exposure Assessments: EPA/600/8-87/042, Washington, 
DC. 

U.S. Environmental Protection Agency, 1988(a), Superfund Exposure Assessment 
Manual: EPA/540/1-88/001, Washington, D.C. 

U.S. Environmental Protection Agency, 1988(b), Probablistic Dilution Model 
(PDM), in Risk Assessment Guidelines and Information Directory, Government 
Institutes, Inc. 

U.S. Environmental Protection Agency, 1988(c), The-Dependent, Three- 
Dimensional, Variable Density Hydrodynamic Model, in Risk Assessment 
Guidelines and Information Directory, Government Institutes, Inc. 

United States Environmental Protection Agency, Region VI11 and the State of- 
Colorado Federal F a d t y  Agreement and Consent Order. CERCWRCRA - XIII- 
89. 

University of Kentucky, 1981, Sedimot 11 Hydrology and Sedimentology Model, 
Department of Agricultural Engineering, Lexington, Kentucky. 

van der Heijde, P. K. M., El-Kadi, A. I., and Williams, S. A, 1988, Groundwater 
modeling: an overview and status report: Intemational Ground Water Modeling 
Center, GWMI 88-10, p. 259. 

Van der Heijde, P.K.M., and Park, RA., 1986, U.S. EPA Groundwater Modeling 
Policy Study Group, Report of findings and discussion of selected groundwater 
modeling issues: Lnt. Ground-Water Modeling Center, Butler University. 

Yeh, G.T., 1982, Channel Transport Model, CHNTRN, Environmental Science 
Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

166 


